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(54) POWER TRANSMISSION DEVICE FOR VEHICLE 



(57) A power transmission device for a vehicle suc- 
cessively forms a clutch housing (7) incorporating an en- 
gine output portion (20) and a transmission housing (9) 
incorporating a differential mechanism (64) of drive ax- 
les are successively fonned lengthwise from an engine 
(5). A center unit (C1 , C2 or C3) serves as an assembly 
of a center plate (1 2, 1 2' or 1 2") to which a transmission 



unit or transmission units (U) are attached disposed be- 
tween the common clutch housing (7) and the common 
transmission housing (9) so that a transmission unit (U) 
of center units (CI , C2, C3) Is stored Inside the clutch 
housing (7) or the transmission housing (9), and the 
center units (CI, C2, C3) are constructed such a way 
that the transmission unit (U) is attached to the center 
plates (12, 12', 12"). 
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Description 

Field of tlie Invention 

[0001 ] The present i nvention relates to a power trans- 
mission device for a vehicle comprised of a clutch hous- 
ing and a transmission housing which are formed suc- 
cessively from an engine, wherein appropriate parts are 
so unitized as to facilitate attachment and detachment 
thereof into the clutch housing and the transmission cas- 
ing, thereby providing various modes of power transmis- 
sion devices for fitting uses or requirements while shar- 
ing the common clutch housing and the common trans- 
mission housing. 

Background Art 

[0002] Conventionally, there is a well-known power 
transmission device for a vehicle such as a tractor etc., 

which Is constructed so that a clutch housing and a 
transmission housing are formed successively from an 
engine to rear axles serving as drive axles. In order to 
reduce production costs, various attempts are conven- 
tionally made to provide a common clutch housing and 
a common transmission housing, which are applicable 
to various power transmission devices of different 
modes. 

[0003] For example, in the powertransmlssion device 
disclosed in the Japanese Utility Model Laid Open Ga- 
zette Sho. 59-110468, a clutch housing is also used as 
rear axle casings, and can be alternatively provided be- 
tween one for a hydraulic transmission mode and an- 
other for mechanical (gear type) transmission mode. 
[0004] ly^oreover, in the power transmission device 
disclosed in the Japanese Patent Laid Open Gazette 
Hei. 5-169995, while a common transmission housing 
is used, different clutch housings are provided In corre- 
spondence to different modes: One clutch housing cor- 
responds to a power transmission device including a 
main clutch shared between a PTO transmission system 
and a traveling transmission system; and another clutch 
housing con-esponds to a powertransmlssion device In- 
cluding a PTO clutch added to a main clutch so as to 
provide independent clutches for a PTO transmission 
system and a traveling transmission system. 
[OOOS] However, none of the above official gazettes 
discloses a power transmission device having both a 
common clutch housing and a common transmission 
houslngwhileprovlding various transmission modes. In- 
troduction of the art disclosed in one of the official ga- 
zettes into the art disclosed in another of the official ga- 
zettes does not result in such a powertransmlssion de- 
vice. For example, according to the art disclosed in the 
Japanese Patent Laid Open Gazette Hel. 5-169995, a 
common transmission housing may be used to con- 
struct a power transmission device of either the me- 
chanical transmission style or the hydraulic transmis- 
sion style. However, the above two conventional arts 



disclosed in the official gazettes do not suggest to pro- 
vide two types of power transmission devices: one in- 
cluding a clutch for a PTO transmission system Inde- 
pendent of a clutch for a traveling transmission system; 
5 and the other including a main clutch shared between 
the PTO transmission system and the traveling trans- 
mission system, while both the power transmission de- 
vices share a common clutch housing and a common 
transmission housing. 
10 [0006] In the powertransmlssion device disclosed in 
the Japanese Patent Laid Open Gazette Hei. 5-1 781 03, 
a common transmission housing Is used to provide ei- 
ther a hydraulic or mechanical (gear type) powertrans- 
mlssion device. 
IS [0007] Moreover, as disclosed In the Japanese Patent 
Laid Open Gazette Hei. 5-278481 , the Japanese Patent 
Laid Open Gazette Hei. 6-62611 , etc., there is a power 
transmission device including a clutch housing and a 
transmission housing arranged in the above-mentioned 
■20 way, wherein the power transmission device includes a 
mid PTO transmission system which is applicable to a 
vehicle having a mid-mount working machine such as a 
mower disposed between front wheels and rear wheels. 
[0008] In the power transmission device disclosed in 
25 the Japanese Patent Laid Open Gazette Hei. 5-278481 , 
a mid PTO shaft is protruded forward from a lower por- 
tion of a transmission housing, and a transmission sys- 
tem to the mid PTO shaft is constructed in the transmis- 
sion housing so as to branch from a main (rear) PTO 
30 transmission system. Since the lower portion of the 
transmission housing Is expanded downward for ar- 
rangement of the mid PTO shaft, the vehicle comes to 
have such a low ground clearance as to spoil its defense 
against obstacles on ground. 
35 [0009] In the powertransmlssion device disclosed in 
the Japanese Patent Laid Open Gazette Hei. 6-62611 , 
a front portion of the transmission housing is partly ex- 
panded sideward, the mid PTO shaft is protruded for- 
ward from the expanded portion, and the mid PTO trans- 
40 mission system is constructed in the transmission hous- 
ing from a PTO speed change gear mechanism used in 
common with the rear PTO transmission system to the 
mid PTO shaft. This structure secures a sufficient 
ground clearance, however, the transmission housing 
*s Integrally forming the expanded portion is complicated 
in structure and expensivefor its forming process. More- 
over, even if the mid PTO shaft Is removed for change 
of mode, the expanded portion remains In the transmis- 
sion housing so as not only to spoil its appearance but 
50 also to reduce a space for an-angement of a linkage, etc. 
[0010] In any of the above stmctures, the mid PTO 
transmission system having a mid PTO clutch is assem- 
bled In a transmission mechanism In the transmission 
housing, thereby being complicated so that It Is difficult 
55 to attach or detach only the arrangement portion of the 
mid PTO shaft into and from the transmission ho using. 
[001 1 ] Moreover, there is a fear that the PTO shaft ro- 
tates inertially in spite of disengagement of a clutch 
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thereof so as to unexpectedly hit against another thing 
and damage it. Especially, it is serious when a working 
machine such as a mower Is connected to the PTO 
shaft. Therefore, a well-known art has a PTO shaft 
which is braked while the PTO clutch is disengaged. 
[0012] For example, according to the powertransmis- 
sion device disclosed in the Japanese Patent Laid Open 
Gazette Hel. 10-24746, a PTO clutch is disposed in an 
upper inside of the transmission housing, a PTO brake 
serving as an inertia brake is interposed in a power train 
between the PTO clutch and the mid PTO shaft and dis- 
posed in front of a differential gear. The PTO clutch and 
the PTO brake are connected by a linkage mechanism. 
However, the PTO clutch and the PTO brake are apart 
from each other in location, thereby complicating as- 
sembly of each of the PTO clutch and the PTO brake, 
and complicating assembly of the linkage mechanism 
for connecting them. Moreover, the number of parts in- 
creases 50 as to Increase costs. 
[0013] Moreover, in the power transmission device 
disclosed in the Japanese Patent Laid Open Gazette 
IHel. 6-137349, hydraulically actuating clutch and brake 
for PTO are juxtaposed on a PTO transmission shaft 
(that Is, on the same axis). The PTO clutch is engaged 
by supply of pressure oil, and disengaged by release of 
pressure oil and by spring force. The PTO brake is put 
off by supply of pressure oil, and put on by release of 
pressure oil and by spring force. The hydraulically actu- 
ating PTO clutch and brake need a hydraulic pump, a 
hydraulic valve, piping, etc., thereby Increasing costs 
and making it difficult to change of transmission mode 
in connection with attachment or removal of the PTO 
clutch or the PTO brake. 

[0014] Furthermore, there is a well-known power 
transmission device for a vehicle such as a tractor, 
which comprises a main speed change mechanism and 

an auxiliary speed change mechanism usually arranged 
in tandem on a traveling transmission system, while a 
hydrostatic transmission (hereinafter referred to as 
"HST") serves as the main speed change mechanism. 
[0015] An example of a power transmission device 
having this arrangement of the HST is disclosed in the 
Japanese Patent Laid Open Gazette Hei. 9-11769. In 
the power transmission device, a transmission housing 
incorporating an auxiliary speed change mechanism al- 
so incorporates an HST serving as a main speed 
change mechanism. A speed control shaft for changing 
capacity of the HST (by operating a movable swash 
plate) projects sideward from the transmission housing. 
An arm fixed on the speed control shaft is connected 
with a main speed change lever through a linkage, etc. 
Such an an-angement of HST causes a problem that 
noise generated by reciprocation of plungers of a hy- 
draulic pump in actuating HST directly leaks outward 
from the transmission housing through the speed con- 
trol shaft and the amn fixed thereto, thereby increasing 
the noise around the portion of the transmission housing 
incorporating the HST. Moreover, there is also a problem 



that a horizontal input shaft (a pump shaft) and a hori- 
zontal output shaft (motor shaft) are juxtaposed in the 
vertical row so that the bottom end of the HST becomes 
so low as to reduce the ground clearance. 
5 [0016] Moreover, in the power transmission device 
disclosed in the Japanese Patent Laid Open Gazette 
Hel. 5-155260, an HST is disposed in a housing be- 
tween a clutch housing incorporating a main clutch pro- 
vided on an output shaft of an engine and a transmission 
10 housing incorporating an auxiliary speed change mech- 
anism. An arm is fixed at one end thereof to a speed 
control shaft of the HST, and a pin Is put through a slot 
fonned in the other end portion of the arm. The pin is 
also put through a slot fonned in another operating arm 
15 disposed outside the housing, and the operating ann is 
connected through a linkage or so on to an accelerator 
pedal depressed by a driver. However, the linkage be- 
tween the accelerator pedal and the speed control shaft 
includes such a slack portion as to cause inaccurate re- 
20 action of the HST to the depression of the pedal. 
[0017] Moreover, this structure device also has hori- 
zontal pump and motor shafts juxtaposed in the vertical 
row, thereby causing the similar problem of reducing 
ground clearance. Additionally, when a space for ar- 
2s ranging the linkage is ensured from a side of the HST 
housing, the space becomes vertically long and make 
a large dead space in which the linkage is not arranged. 

Disclosure of the Invention 

30 

[0018] The present invention relates to a power trans- 
mission device for a vehicle, wherein a clutch housing 
and a transmission housing are successively formed 
lengthwise from an engine. A first object of the present 
35 Invention is to provide the power transmission device for 
a vehicle, which enables its various portions such as a 
main speed change mechanism, a PTO clutch, a front- 
wheel drive mechanism, etc. to be changed in mode 
while both the clutch housing and the transmission 
40 housing are used in common. 

[0019] In order to attain the first object, the present 
invention provides the power transmission device for a 
vehicle, wherein a center plate to which one or more 
transmission units selected from various transmission 
*s units are attached is disposed between the common 
clutch housing and the common transmission housing 
so that the attached transmission units Is arranged in 
the clutch housing or the transmission housing. 
[0020] With respect to the transmission units, some 
50 types are prepared for each of various mechanisms 
such as a main speed change mechanism, a PTO speed 
change mechanism, afront-wheel drive mechanism and 
an auxiliary speed change mechanism, and constructed 
as respective transmission units. For example, a com- 
55 blnation of a mechanical (geartype) main speed change 
unit and a reverser unit for switching the traveling direc- 
tion between forward and rearward directions is pre- 
pared as a transmission unit of the main speed change 
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mechanism. An HST unit is prepared instead of the com- 
bination. 

[0021] Of the transmission units, either the HST unit 
orthereverser unit, which must be disposed in the clutch 
housing, is seiectiveiy attached to the center plate so as 
to be disposed in the dutch housing. 
[0022] While various power transmission devices are 
provided by the above-mentioned construction, change 
of mode of the power transmission device can be made 
easily only by exchanging the transmission unit at- 
tached to the center plate for another transmission unit. 
Even when the attached transmission unit Is changed, 
it Is possible In the same production line to Interpose the 
center plate between the clutch housing and the trans- 
mission housing so as to install the transmission unit in 
the clutch housing or the transmission housing, thereby 
leading to quici< respondence to change of the number 
of production In every mode. The clutch housing and the 
transmission housing, which are heavy and large parts, 
can be shared without change thereof corresponding to 
every mode. What is necessary is just to prepare so 
many small transmission units attached to the center 
plate as to correspond to variation of mode, thereby fa- 
cilitating inventory control. Furthennore, each transmis- 
sion unit can be also held in costs by using common 
shafts, gears and so on. 

[0023] Moreover, a mid PTO unit having a mid PTO 
shaft and an Input shaft support Is constructed as a spe- 
cial transmission unit. The mid PTO unit is detachably 
installed Into the transmission housing by inserting the 
input shaft support Into the transmission housing 
through a hole, which is open in a side surface of the 
transmission housing. To the input shaft of the mid PTO 
unit Is Introduced power branching from the main (rear) 
PTO transmission system. In the state where the mid 
PTO unit is Installed on the transmission housing, the 
mid PTO shaft projects (forward) from a housing of the 
mid PTO unit mounted on the outer side portion of the 
transmission housing. 

[0024] In this way, the common transmission housing 
Is used so as to facilitate con-espondence to whether the 

mid PTO transmission system exists or not. Also, the 
mid PTO unit attached on the side portion of the trans- 
mission housing facilitates its maintenance or change 
of gears, etc., for changing the number of rotations. Fur- 
thennore, since the mid PTO unit is not mounted below 
the transmission housing but mounted sidewise, the 
ground clearance of the vehicle doesn't become low, 
and a dead space in the side of the transmission housing 
can be utilized effectively. 

[0025] If the Insertion hole opened In the side surface 
of thetransmisslon housing is disposed on the side clos- 
er to the rear portion thereof (on the side apart from the 
input portion of the mid mount working machine), the 
projecting position of the mid PTO shaft moves reanivard 
in comparison with the mid PTO shaft projecting from a 
front end portion of the conventional transmission hous- 
ing. Therefore, the knuckle of the transmission shaft in- 



terposed between the input portion of the mid mount 
working machine and the mid PTO shaft is small so as 
to decrease loss of power transmission and fluctuation 
of angular velocity, etc. 

5 [0026] Moreover, a mid PTO clutch may be provided 
on the mid PTO shaft in a housing of the mid PTO unit. 
Therefore, due to whether the clutch is provided In the 
housing, two modes with respect to clutch operation of 
the mid PTO transmission system may be selectively 

10 prepared while change of design of the transmission 
housing is unnecessary. In one of the two modes, the 
clutch operation of the mid PTO system can be carried 
out independent of the clutch of the main PTO system, 
and in the other mode, the clutch operation of the mid 

'5 PTO transmission system is carried out by the clutch 
operation of the main PTO system. 
[0027] In a main PTO clutch, a PTO clutch unit serves 
as a combination of a dry-type PTO clutch and a dry- 
type PTO brake, which are provided In series on a com- 

20 nrion PTO transmission shaft and are operated by one 
operation device. The operation device is switched in 
location among three positions, which are a braking po- 
sition for clutch-off and brake-on, a neutral position for 
clutch-off and brake-off, and a clutch on position for 

25 clutch-on and brake-off. In this way, the PTO clutch unit 
is so constnjcted so as to facilitate its operation, and to 
be compact and low in cost In comparison with that of 
wet-type. 

[0028] In case the main speed change mechanism of 

30 the traveling transmission system is constructed by the 
HST unit, the main clutch, which is provided near an en- 
gine flywheel and shared between the traveling trans- 
mission system and the PTO transmission system, be- 
comes unnecessary by installing the PTO clutch unit In 

3s the power transmission device. 

[0029] In case the mid PTO transmission system Is 
provided, the PTO clutch unit is provided on the PTO 
transmission system above a branch point, where the 
PTO transmission system branches Into the main PTO 

40 system and the mid PTO system, so that original clutch 
and brake of the mid PTO transmission system become 
unnecessary for synchronizing clutch and inertia brake 
operation between the main PTO and the mid PTO. 
[0030] The PTO clutch unit may be provided in an 

4s overhead clearance of a differential gear unit in the 
transmission housing so as to keep the compactness of 
the transmission housing. Since this overhead clear- 
ance is near a driver's seat disposed above the trans- 
mission housing, a linkage interposed between the PTO 

50 clutch unit and the operation device (such as a lever) 
near the driver's seat becomes so short as to decrease 
loss of power transmission and to be simplified. 
[0031] In case the IHST unit serves as the main speed 
change mechanism in the clutch housing, a hydraulic 

55 pump and a hydraulic motor are disposed up and down 
on the center plate while horizontal pump and motor 
shafts are aligned in a row which is inclined to the ver- 
tical line. 
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[0032] Therefore, in the opposite side to the inclined 
side of the pump and motor shafts within the clutch 
housing is fonned a space, which is used for an-anging 
a noisy speed control shaft in the clutch housing, so as 
to mal<e the noise therefrom hard to be heard outside 
the clutch housing, thereby improving an operating en- 
vironment of an driver. The space for the linkage is sub- 
stantially triangularly fonned between the inclined HST 
unit and the housing when viewed in front, and is the 
minimum space for arranging the linkage so as to keep 
compactness of the linkage. 
[0033] Moreover, In comparison with a lower motor or 
pump shaft of an HST aligned vertically below the other 
pump or motor shaft, since either the lower motor or 
pump shaft (generally, the motor shaft) is disposed in 
such a higher position that a countershaft, a front-wheel 
drive shaft, etc. engaged with the motor shaft arise so 
as to increase ground clearance of the vehicle. 
[0034] Furthermore, the linkage mechanism engaged 
with the speed control shaft is also disposed in the clutch 
housing so as not to be exposed to dust and muddy wa- 
ter, thereby being improved in durability and reliability 
thereof. In addition, the linkage is not provided with a 
conventional slack portion such including a slot, etc., 
thereby ensuring accurate reaction of the HST. 
[0035] The above and further objects and features 
and effects of the invention will more appear from the 
following description taken in connection with the ac- 
companying drawing. 

Brief Description of the Drawings 

[0036] 

Fig. 1 1s a side view of a tractor serving as a vehicle 
to which a power transmission device of the present 

invention is applied. 

Fig. 2 is a schematic plan view of a common clutch 
housing and a common transmission housing con- 
stituting a power transmission device according to 
the present invention, showing an example of ar- 
rangement of various transmission units, serving as 
component elements of the power transmission de- 
vice, in the clutch housing and the transmission 
housing. 

Fig. 3 is a table showing an example of Interchange- 
ability of the transmission units shown in Fig. 2, 
serving as a main speed change mechanism and a 
PTO transmission system. 
Figs. 4(a) - 4(d) are schematic side views of the 
power transmission devices of the present inven- 
tion, showing some examples of layout of the trans- 
mission units In the clutch housing and the trans- 
mission housing in conrespondence to variety of 
modes. 

Fig. 5 Is a sectional side view of the power trans- 
mission device wherein a center unit C1 shown in 
Fig. 3(a) is installed. 



Fig. 6 is a sectional side view of the power trans- 
mission device wherein the center unit C1 shown in 
Fig. 3(a) and a PTO clutch unit are installed. 
Fig. 7 is a sectional side view of the power trans- 
5 mission device wherein a center unit C2 shown in 
Fig. 3(b) is installed. 

Fig. 8 is a sectional side view of the power trans- 
mission device wherein a center unit C3 shown In 
Fig. 3(c) is installed. 

10 Fig. 9 is a sectional side view of the power trans- 
mission device wherein the center unit C3 shown in 
Fig. 3(d) and a mid PTO unit 111 are installed. 
Fig. 10 is a sectional plan view of a common rear- 
wheel differential gear unit 64, which is used for 

15 each mode of the power transmission device. 

Fig. 1 1 1s a sectional side view of a front half portion 
of the center unit CI installed In the power trans- 
mission device shown in Fig. 4(a) and Fig. 5, mainly 
showing a reverser unit 50 installed in a clutch hous- 

20 ing 7. 

Fig. 12 is a sectional side view of a main speed 
change gear unit 35, an auxiliary speed change 
gear unit 30, and a PTO speed change gear unit 80, 
which are positioned in the rear half portion of the 

25 center unit CI installed in the power transmission 
device shown in Fig. 4(a) and Fig. 5, and installed 
in a first room R1 of the transmission housing 9. 
Fig. 13 is a sectional side view of a creep gear unit 
57, which is Installed in an opening 9c of the first 

30 room R1 of the transmission housing 9 shown In 
Fig. 12. 

Fig. 1 4 is a sectional front view of a reversing mech- 
anism, which is attached to the PTO speed change 
gear unit 80 shown In Fig. 12. 
3s Fig. 1 5 is a sectional side view of a front-wheel drive 
unit 75, which is installed in the first room R1 of the 
transmission housing 9. 

Fig. 16 is a sectional side view of a PTO reduction 
unit 110, which is positioned in the third room R3 of 

40 the transmission housing 9. 

Fig. 1 7 is a sectional side view of a PTO clutch unit 
18, which can be installed in the second room R2 
of the transmission housing 9. 
Fig. 18 Is a sectional side view of a main speed 

*s change gear unit 35', a PTO speed change gear unit 
80', and an auxiliary speed change gear unit 30', 
which are positioned in the center unit C2 installed 
in the powertransmission device shown in Fig. 4(b) 
and Fig. 7, and provided in the first room R1 of the 

50 transmission housing 9. 

Fig. 1 9 is a sectional side view of the center unit C3 
installed in the powertransmission device shown In 
Fig. 4(c) and Fig. 8, showing an HST unit 130 pro- 
vided in the clutch housing 7 and the auxiliary speed 

55 change gear unit 30' provided in the first room R1 
of the transmission housing 9. 
Fig. 20 is an an'ow sectional view of the line X-X in 
Fig. 8, including an arrow sectional view of the line 
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Y-Y in Fig. 8 drawn In pliantom lines. 

Fig. 21 is a sectional side view of a rear PTO change 

gear unit 127, which is positioned in the third room 
R3 of the transmission housing 9 as shown in Fig. 
4(d) and Fig. 9. 

Fig. 22 is a rear view of the transmission housing 9, 
showing a state in which a rear cover 8 Is removed 

in the power transmission device in case of install- 
ing the rear PTO change gear unit 127 in the third 
room R3 of the transmission housing 9. 
Fig. 23 Is a sectional side view of a mid PTO unit 
111. 

Fig. 24 is a front view of the power transmission de- 
vice in case of installing the center unit CI , showing 
each shaft configuration in the transmission hous- 
ing 9 and the mid PTO unit 111. 

Best Mode for Carrying out the Invention 

[0037] In accordance with Fig. 1, description will be 
given on a general construction of a tractor serving as 
an example of a vehicle to which a power transmission 
device of the present invention is applicable. Front 
wheels 1 and rear wheels 2 are rotatably supported at 
front and rear portions of the tractor. An engine 5 is dis- 
posed in a bonnet 6 at the front portion of the tractor. A 
steering wheel 10 is provided behind the bonnet 6. A 
driver's seat 11 is provided behind steering wheel 10. A 
main speed change lever 3 is provided beside the driv- 
er's seat 11. l\/loreover, unshown various operation 
means such as a reverser lever, an auxiliary speed 
change lever, a PTO speed change lever, a drive mode 
(2WD/4WD) changer, etc. are provided beside the driv- 
er's seat 11 , near the steering wheel 10, or another po- 
sition. 

[0038] A clutch housing 7 is disposed in the rear por- 
tion of the engine 5, and a transmission housing 9 is 
disposed successively from the rear portion of the clutch 
housing 7. The power of the engine S is transmitted to 
the rear wheels 2 through a traveling transmission sys- 
tem constructed in the clutch housing 7 and the trans- 
mission housing 9. It is also possible to transmit the pow- 
erfrom the transmission mechanism in the transmission 
housing 9 to the front wheels 1 simultaneously. 
[0039] The power of the engine 5 is transmitted to a 
(real) PTO shaft 1 5 which is projected from the rear end 
of the transmission housing 9, and transmitted from the 
PTO shaft 1 5 through universal joints, etc. to a working 
machine, which is vertically movably attached to the rear 
end of the tractor body through a working machine in- 
staller. Moreover, a hydraulic casing 73 is mounted on 
the upper portion of the transmission housing 9. A hy- 
draulic cylinder disposed in the hydraulic casing 73 is 
actuated to rotate lift amis 74 of the working machine 
installer so as to vertically move the working machine. 
A control valve is attached to the hydraulic case 73 so 
as to hydraullcally control the hydraulic cylinder for ver- 
tically moving the working machine. Furthermore, the 



working machine installer includes a hydraulic actuator 
for leveling the working machine, which is also control- 
led by the hydraulic control valve. Another hydraulic 
valve for taking off power may be attached to the trans- 

s mission housing 9 for a mode of driving or lifting a front 
or middle loaded working machine. 
[0040] A clutch pedal 1 6 may be disposed on a step 
provided in a lower fonward portion from the driver's seat 
11 in the case of providing a later-discussed main clutch 

10 21 . A brake pedal (not shown) Is provided on the step. 
[0041 ] In the housing construction of the power trans- 
mission device for a vehicle of the present invention, as 
shown in Fig. 2 etc., the clutch housing 7 and the trans- 
mission housing 9 are fonned successively In the longl- 

15 tudlnal direction (rearward in this embodiment) from the 
output portion of the engine 5 (a flywheel portion there- 
of). Rear axle casings 177 are fixed to the left and right 
sides of the transmission housing 9 respectively. A rear 
end opening of the transmission housing 9 is blocked 

^ with a rear cover 8. The hydraulic casing 73 is fixed onto 
an upper rear half portion of the transmission housing 9. 
[0042] While these housing members, i.e., the clutch 
housing 7, the transmission housing 9, the rear cover 8, 
the rear axle case 177, and the hydraulic case 73 are 

25 shared as common members, various modes of power 
transmission device can be provided by appropriately 
interposing a center plate 1 2 (1 2', 1 2") assembled with 
various transmission units U or no transmission unit U 
between the clutch housing 7 and the transmission 

30 housing 9, wherein each of the transmission units U is 
a unit of assembled mechanism serving as a component 
element of the power transmission device. 
[0043] Front and rear partitions 9a and 9b are provid- 
ed in the transmission housing 9 so as to divide the in- 

35 ternal space thereof into a first room R1 , a second room 
R2, and a third room R3 arranged in rearward order. 
[0044] It is shown in Fig. 2 in which of the clutch hous- 
ing 7, the first room R1 , the second room R2, and the 
third room R3 of the transmission housing 9 each of var- 

40 ious transmission units U is disposed. 

[0045] Either the main clutch 21 or a damper 22 
serves as the transmission unit U to be disposed in the 
clutch housing 7. A common rear-wheel differential-gear 
unit 64 for differentially connecting the left and right rear 

45 wheels 2 Is provided in the second room R2 of the trans- 
mission housing 9 regardless of the change of mode. 
However, another rear-wheel differential-gear unit 64 of 
a different construction may be used in correspondence 
to a requested mode. For example, it may have a differ- 
so ential-locking mechanism, if necessary. 

[0046] Moreover, the (rear) PTO shaft 15 Is rotatably 
supported in the third room R3 of the transmission hous- 
ing 9, and either a PTO reduction gear unit 1 1 0 or a rear 
PTO change gear unit 127 is attached onto the PTO 

55 shaft 1 5 in con'espondence to a requested mode. 
[0047] As shown in Figs. 2 and 3, the main speed 
change mechanism is attached to the center plate, 
which is interposed between the clutch housing 7 and 
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the transmission housing 9 so that the transmission unit 
U constituting the main speed change mechanism at- 
tached to the center plate is provided in the clutch hous- 
ing 7 or the first room R1 of the transmission housing 9. 
Especially, such an assembly unit of the center plate 
with the main speed change mechanism is named a 
center unit. 

[0048] In this embodiment, three types of center units 
C1 , C2, and C3 are prepared. The center unit CI Is an 
assembly of a center plate 12, to which a main speed 
change gear unit 35 having four speed levels and a re- 
verser unit 50 for switching the traveling direction of the 
vehicle between forward and rearward directions are at- 
tached. The center unit C2 Is an assembly of a center 
plate 12', to which a main speed change gear unit 35' 
having three forward speed levels and one reanward 
speed level is attached. The center unit C3 is an assem- 
bly of a center plate 12", to which an HST unit 130 Is 
attached. What is necessary for a change of mode is 
just to Interpose the chosen center unit CI , C2, or C3 
between the clutch housing 7 and the transmission 
housing 9. 

[0049] When the center unit 01 is chosen, as shown 
In Fig. 3, the main speed change mechanism comes to 
be comprised of the main speed change gear unit 35 
and the reverser unit 50. By installing the center plate 
12 between the clutch housing 7 and the transmission 
housing 9, the reverser unit 50 comes to be disposed in 
theclutch housing, and the main speed change gear unit 
35 in the first room R1 of the transmission housing 9. 
When the center unit C2 is chosen and the center plate 
12' is installed between the clutch housing 7 and the 
transmission housing 9, the main speed change gear 
unit 35' comes to be disposed in the first room R1 of the 
transmission housing 9 while no members constituting 
the main speed change mechanism is disposed in the 
clutch housing 7. When the center unit C3 Is chosen and 
the center piate 1 2" is installed between the dutch hous- 
ing 7 and the transmission housing 9, the HST unit 1 30 
comes to be disposed in the clutch housing 7. 
[0050] Each of the center units 01 , C2 and C3 is as- 
sembled with an auxiliary speed change gear mecha- 
nism, which is either an auxiliary speed change gear unit 
30 having two speed levels or an auxiliary speed change 
gear unit 30' having three speed levels. Therefore, by 
installing thecenter units 01 , 02, and 03, eitherthe aux- 
iliary speed change gear unit 30 or 30' comes to be dis- 
posed in the first room R1 of the transmission housing 
9. The auxiliary speed change gear unit 30 can be as- 
sembled with a later-discussed creep gear un it 57 so as 
to change the speed level in three levels. In each of the 
auxiliary speed change gear units 30 and 30', a rotary 
shaft onto which gears are fitted is changed In corre- 
spondence to variation of the main speed change mech- 
anism, i.e., change of the center unit, while common 
gears, sliders and so on are used. 
[0051] Further, each center unit is assembled with a 
front-wheel drive unit 75, which is a combination of a 



front-wheel drive clutch 72 and a front-wheel speed-in- 
creasing clutch 71 . If the f ront-wheei speed-Increasing 
clutch 71 Is not necessary, only the front-wheel drive 
clutch 72 may be assembled In the center unit. By In- 
5 Stalling any of the center units, the front-wheel drive unit 
75 (or only the front-wheel drive clutch 72) comes to be 
disposed in the first room R1 of the transmission hous- 
ing 9. 

[0052] Further, each of the center units CI , C2 and 
10 C3 is assembled with either a PTO speed change gear 
unit 80 having three speed levels in normal rotational 
direction and one speed level in a reversed rotational 
direction or a PTO speed change gear unit 80' having 
three speed levels in nomnal rotational direction, by in- 
is stalling any of the center units, either the PTO speed 
change gear unit 80 or 80' comes to be disposed in the 
first room R1 of the transmission housing 9. in each of 
the PTO speed change gear units 80 and 80', a rotary 
shaft onto which gears are fitted is changed in corre- 
20 spondence to variation of the main speed change mech- 
anism, i.e., change of the center unit, while common 
gears, sliders and so on are used. 
[0053] As shown in Fig. 3, in the PTO transmission 
system , the combination of the PTO speed change gear 
2s unit 80 or 80' and the PTO reduction gear unit 1 1 0 pro- 
vided in the third room R3 as mentioned above may be 
replaced with a rear PTO speed change gear unit 127 
which is provided in the third room R3. When using the 
rear PTO change gear unit 127, neither the PTO speed 
30 Change gear unit 80 nor 80' Is assembled in each of the 
center units CI , C2, and C3 so that no PTO transmission 
mechanism is provided in the first room R1 . 
[0054] If necessary, a PTO clutch unit 18, serving as 
a transmission unit U which is not previously attached 
35 to the center unit, is provided in the second room R2 of 
the transmission housing 9. As discussed later, the PTO 
clutch unit 18 is constructed as a combination of a PTO 
clutch and a PTO bralce. A mid PTO gear unit 111 can 
be provided on a side portion of the transmission hous- 
40 ing 9. Especially, the mid PTO gear unit 111 is provided 
as a combination with a later-discussed rear PTO 
change gear unit 127 if the rear PTO change gear unit 
127 Is provided. 

[0055] Some power transmission devices of different 
45 modes are shown in Figs. 4(a)-4{d) and Figs. 5-9. They 
are constructed by selecting one of the center units 
01 -C3 as the assemblies of the transmission units U or/ 
and by selecting the transmission unit or units U other 
than the center unit, and by arranging the selected cent- 
50 er unit and/or transmission unit (units) U in the clutch 
housing 7 and the transmission housing 9. 
[0056] First, In the power transmission device shown 
in Fig. 4(a) and Figs. 5-6, the center unit CI Is installed 
so that the main speed change mechanism is construct- 
55 ed by the main speed change gear unit 35 and the re- 
verser unit 50. In the power transmission device shown 
in Fig. 4(b) and Fig. 7, the center unit 02 is installed so 
that the main speed change mechanism Is constructed 
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by the main speed change gear unit 35' which has a 
reverser mechanism (instead of the steering reverser 
unit 50). In each of the power transmission device 
shown in Fig. 4(c) and Fig. 8 and the power transmission 
device shown in Fig. 4(d) and Fig. 9, the center unit C3 5 
Is installed so that the main speed change mechanism 
is constructed by the HST unit 130. 
[0057] As shown In Figs. 4(a)-4(d) and Figs. 5-9, ei- 
ther the auxiliary speed change gear unit 30 or 30' is 
used as the auxiliary speed change mechanism. Each 
of the auxiilaty speed change gear unit 30 and 30' is 
attached to the center plate so as to be provided in the 
first room R1 of the transmission housing 9, and can be 
appropriately exchanged for the other auxiliary speed 
change gear unit 30' or30. In each of the shown devices, 
the front-wheel drive clutch 72 is indispensable for the 
front-wheel drive system, and attached to the center 
plate so as to be provided In the first room R1 of the 
transmission housing 9. Thefront-wheel speed-increas- 
ing clutch 71 is used optionally, and may be removed as 
shown in Fig. 4(b) and 7. 

[0058] In each of the power transmission devices 
shown in Fig. 4(a)-4(c) and Figs. 5-B, the PTO transmis- 
sion system is a combination of either the PTO speed 
change gear unit 80 or 80', which is assembled in the 
center unit and provided In the first room R1 of the trans- 
mission housing 9, and the PTO reduction gear unit 110 
which is provided in the third room R3 of the transmis- 
sion housing 9. The PTO change gear units 80 and 80' 
can be appropriately Interchanged. 
[0059] The power transmission device shown in Fig. 
4(d) and Fig. 9 includes the PTO transmission system 
of the power transmission device shown In Fig. 4(c) and 
Fig. 8, which is so modified as to also drive the mid- 
mount woridng machine. That is to say, while the PTO 
transmission mechanism Is not provided in the first room 
R1 of the transmission housing 9, the rear PTO change 
gear unit 127 Is provided in the third room R3, and the 
mid PTO gear unit 111 is attached to the transmission 
housing 9. 

[0060] The mode of PTO transmission system shown 

in Fig. 4(d) and Fig. 9, which has the main PTO (rear 
PTO) transmission system and the mid PTO transmis- 
sion system, may be also provided in each of the power 
transmission devices shown In Figs. 4(a) and 4(b) and 
Figs. 5-7 In which the mechanical (gear type) main 
speed change mechanism is installed by using the cent- 
er unit 01 orC2. Fig. 23 illustrates a state where the mid 
PTO gear unit 111 is Installed in the transmission hous- 
ing 9 in which the center unit CI is installed. 
[0061] As the powertransmlsslon devices in themode 
shown in Fig. 4(a), a type without the PTO clutch unit 
18 shown in Fig. 5 and a type with the PTO clutch unit 
1 8 shown in Fig. 6 are disclosed. Also In the powertrans- 
mlsslon device shown in Fig. 4(b) and 4(c), the PTO 
clutch unit 1 8 may be provided so that the clutch of the 
PTO transmission system is Independent of the clutch 
of the traveling transmission system. In the power trans- 



mission device shown in Fig. 4(d), the PTO clutch unit 
18 is provided as the PTO transmission system, and the 
HST unit 130 of the traveling transmission system can 
be set In neutral, whereby the damper 22 replaces the 
main clutch 21. 

[0062] The center units 01-03 and the transmission 
unit U are rearranged in this way, thereby ensuring that 
the power transmission devices of various modes 
shown in Fig. 4(a)-4(d) or not shown can be constructed 
while the clutch housing 7, the transmission housing 9, 
etc. are common members. 
[0063] Description will be given on a concrete con- 
struction of each transmission unit U and a concrete 
construction of each of various transmission mecha- 
nisms such as the center units 01-03 etc. which are 
constructed by combinations of some transmission units 
U, in the situation that the majority of them are installed 
in the powertransmlsslon device. 
[0084] First, the common rear-wheel differential gear 
unit 64 shared among all the modes of power transmis- 
sion device will be described In accordance with Figs. 
10 etc. As shown In Figs. 5 etc., the rear-wheel differ- 
ential gear unit 64 is disposed in the second room R2 of 
the transmission housing 9. A ring gear 70 serving as 
an input gear of the rear-wheel differential gear unit 64 
meshes with a pinion 28a fomned on a rear end of an 
auxiliary speed change shaft 26 serving as a final output 
member of either the later-detailed auxiliary speed 
change gear unit 30 or 30' in the traveling transmission 
system. 

[0065] Referring to Fig. 1 0, in the rear-wheel differen- 
tial gear unit 64, the ring gear 70 Is fixed on an outer 
periphery of a differential gear casing -gear 171, in 
which a pair of differential pinions 1 71 and a pair of dif- 
ferential side gears 172 are arranged so that each dif- 
ferential pinion 171 meshes with both the differential 
side gears 172. A pair of left and right differential yoke 
shafts 1 73 are provided on one ends thereof with the 
respective differential side gears 1 72. Each differential 
yoke shaft 1 73 Is fixedly provided on the other end por- 
tion thereof with a diametrically small gear 1 74 and multi 
brake discs 1 75 which is more distal than the gear 1 74. 
As shown in Fig. 2, the left and right rear axle casings 
1 77 are fixed on the respective left and right sides of the 
transmission housing 9 so as to laterally project. Each 
of the differential yoke shafts 1 73 Is rotatably supported 
by the transmission housing 9 and each of the rear axle 
casings 177. 

[0066] The multi brake discs 1 75 fitted onto each dif- 
ferential yoke shaft 1 73 are alternately arranged with 
friction discs fitted to each rear axle casing 177. A cam 
is actuated by depressing the brake pedal so as to press 
the brake discs 175 against the friction discs, thereby 
braking each of the differential yoke shafts 173. 
[0067] In each of the rear axle casings 1 77 is rotatabiy 
laid a rear-wheel axle 1 79 in parallel to each differential 
yoke shaft 173. Each of the rear-wheel axles 179 is fix- 
edly provided on a proximal end thereof with a dlamet- 
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rically large gear 176, which meshes with the diametri- 
cally small gear 174 so as to constitute a final reduction 
gear train. Each of the rear-wheel axles 179 Is fixedly 
provided on a distal end thereof with the rear wheel 2. 
[0068] In this way, power received by the rear-wheel 
differential gear unit 64 is transmitted through the left 
and right differential yoke shafts 173 and the reduction 
gears 1 74 and 1 76 to the left and right rear-wheel axles 
1 79 so as to drive the left and right rear wheels 2. 
[0069] As mentioned above, the rear axle casings 1 77 
are common members as well as the clutch housing 7 
and the transmission housing 7, which are shared 
among later-detailed modes of power transmission de- 
vices. The rear-wheel axles 179 of lengths L1 are usu- 
ally used, however, rear-wheel axles 179' (having 
lengths L2 largerthan lengths L1 ), one of which is shown 
as an upper axle in Fig. 10, are attached to the power 
transmission device of the type, as shown in Figs. 4(d) 
and 9, having the mid PTO transmission system for driv- 
ing the mid-mount working machine. Wide tires are at- 
tached to the respective rear-wheel axles 179' so as to 
stabilize traveling of the vehicle. 
[0070] Description will now be given on the main 
clutch 21 disposed in the clutch housing 7. 
[0071] As shown in Figs. 5 etc., the common main 
clutch 21 of a friction type is shared between the 
traveling transmission system and the PTO transmis- 
sion system. The main clutch 21 is disposed in a front 
portion of the clutch housing 7 and Interlockingly con- 
nected to the clutch pedal 1 6 shown in Fig. 1 so that the 
main clutch 21 is disengaged by depression of the clutch 
pedal 1 6. A clutch shaft 23 is a common input shaft of 
the traveling transmission system and the PTO trans- 
mission system and is selectively connected or separat- 
ed with and from a flywheel 20 fixed on the crankshaft 
of the engine 5 through the main clutch 21 . 
[0072] As shown in Figs. 5 etc., the clutch shaft 23 is 
extended rean/vard from the flywheel 20 and passed 
through the clutch housing 7. The clutch shaft 23 is fix- 
edly connected to an front end of either an input shaft 
28 or 1 35 so as to be integrated with the input shaft 28. 
The input shaft 28 is journalied by either the center plate 
12 of the center unit 01 or the center plate 12' of the 
center unit 02. The input shaft 135 is joumalled by the 
center plate 1 2" of the center unit 03. Each of the input 
shafts 28 and 135 is a common input shaft shared be- 
tween the traveling transmission system and the PTO 
transmission system. 

[0073] In such a mode of power transmission device 
as shown in Figs. 4(d) and 9, wherein the HST unit 139 
serves as the main speed change mechanism of the 
traveling transmission system and the PTO clutch unit 
1 8 serves as the PTO transmission system, the damper 
22 is provided so as to fit the clutch shaft 23 to the fly- 
wheel 20 in a vibratory-isolating manner instead of the 
main clutch 21 , because the HST unit 130 can be set in 
neutral so as to shut down power transmission to the 
downstream traveling transmission system and the PTO 



clutch in the PTO clutch unit 18 can be disengaged so 
as to shut down power transmission to the rear PTO 
shaft 15 (and the mid PTO shaft 120). 
[0074] In the embodiment shown in Fig. 6, a PTO 

5 transmission shaft 23' replacing the PTO shaft 23 is fit- 
ted at a front end thereof to the flywheel 20, and the PTO 
clutch unit 18 is provided in the transmission housing 9. 
The main clutch 21 is interposed between the flywheel 
20 and a hollow input shaft 1 02 freely rotatably provided 

10 on the PTO transmission shaft 23' so as to serve as a 
clutch for only the traveling transmission system. This 
structure will be detailed in later description of the PTO 
transmission system. 

[0075] In the state where the clutch shaft23 and either 

15 the main clutch 21 or the damper 22 are arranged in the 
clutch housing 7 continuously connected to the engine 
5, by attaching and fixing the center plate 1 2 or 1 2' (1 2") 
journalling the input shaft 28 (135) to a rear and of the 
clutch housing 7, the input shaft 28 (135) naturally 

20 comes to be arranged coaxially with the clutch shaft 23, 
thereby being connected to the clutch shaft 23 easily 
[0076] In this way, each of the center plates 12, 12' 
and 1 2" is connected at the front end surface thereof to 
the rear end surface of the clutch housing 7, and then, 

25 it is connected at the rear end surface thereof to the front 
end surface of the transmission housing 9, thereby be- 
ing fixedly sandwiched between the clutch housing 7 
and the transmission housing 9 as mentioned above. 
[0077] For example, with respect to the center unit 01 

30 which is used for the mode shown in Figs. 4(a) and 5, 
by arranging the center plate 1 2 in the above-mentioned 
manner, the reverser unit 50 comes into the clutch hous- 
ing 7, and the main speed change gear unit 35, the aux- 
iliary speed change gear unit 30, the PTO speed change 

35 gear unit 80 and the front-wheel driving unit 75, whtoh 
are assembled with the center plate 12 together, come 
into the transmission housing 9. 
[0078] A countershaft 24, a main speed change shaft 
25, an auxiliary speed change shaft 26 and af ront-wheel 

40 driving shaft 1 4 through respective bearings are previ- 
ously rotatably supported through respective bearings 
as well as the input shaft 28 by the center plate 1 2. A 
PTO speed change shaft 13 is coaxially connected to 
the input shaft 28. Various gears are provided on this 

45 group of rotary shafts so as to constitute the main speed 
change gear unit 35, the reverser unit 50, the auxiliary 
speed change gear unit 30, the front-wheel driving unit 
75 and the PTO speed change gear unit 80. 
[0079] When the center plate 12 of the center unit 01 

50 assembled with various transmission units U is fixed to 
the rear end of the clutch housing 7, the reverser unit 
50 is naturally arranged in the clutch housing 7, the front- 
wheel driving shaft 14 is joumalled by the lower expand- 
ed portion of the clutch housing 7 so as to project for- 

55 ward, and the Input shaft 28 Is connected the clutch shaft 
23 as mentioned above. 

[0080] The center plate 1 2 fixed to the rear end of the 
clutch housing 7 in the above-mentioned manner is pro- 
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vided at the rear portion thereof with the PTO speed 
change gear unit 18, the main speed change gear unit 
35, the auxiliary speed change gear unit 30, and the 
front-wheel driving unit 75. The transmission housing 9 
is arranged so as to cover the gear units 18, 35, 30 and 
the driving unit 75. The, the counter shaft 24, the main 
speed change shaft 25 and the auxiliary speed change 
shaft 26 are journalled at rear ends thereof by the front 
partition wall 9a of the transmission housing 9. Then, 
the front end surface of the transmission housing 9 is 
fixed to the rear end surface of the center plate 1 2, there- 
by finishing arranging the transmission units U In thefirst 
room R1 of the transmission housing 9. 
[0081] Description will now be given on traveling 
transmission systems of respective modes of power 
transmission device. 

[0082] The center unit C1 Is used for the power trans- 
mission device shown in Figs. 4(a) and 5 so that the 
transmission units U assembled therein. I.e., the main 
speed change gear unit 35, the reverser unit 50 and the 
auxiliary speed change gear unit 30 are properly placed 
in the clutch housing 7 and the transmission housing 9 
so as to constitute a traveling transmission system 
which transmits power from the main clutch 21 in the 
clutch housing 7 to the rear-wheel differential gear unit 
64 through the main speed change gear unit 35, the re- 
verser unit 50 and the auxiliary speed change gear unit 
30. Furthermore, in the center unit CI Is assembled the 
front-wheel driving unit 75 which picks out power to the 
front-wheel driving shaft 14. 
[0083] Description will now be given on the main 
speed change gear unit 35, the reverser unit 50 and the 
auxiliary speed change gear unit 30 in accordance with 
Figs. 11, 12 etc. 

[0084] An Input gear 28a Is fomned on a rear end of 
the input shaft 28. The hollow shaft 1 7 relatively rotata- 

bly provided on the counter shaft 24 is fixedly provided 
on afront end portion thereof with afourth speed counter 
gear 34 meshing with the input gear 28b. On the hollow 
shaft 17 are fixed a second speed counter gear 32, a 
third speed counter gear 33 and a first speed counter 
gear 31 in a rearward order. The fourth speed counter 
gear 34, the second speed counter gear 32, the third 
speed counter gear 33 and the first speed counter gear 
31 constantly mesh with respective gears freely provid- 
ed on the main speed change shaft 25, I.e., a fourth 
speed gear 44, a second speed gear 42, a third speed 
gear 43 and a first speed gear 41 . 
[0085] On the main speed change shaft 25 Is fixed a 
splined collar 45 between the second and third speed 
gears 42 and 44, and a slider 45 Is fitted on the splined 
collar 45. On the other hand, between the first and third 
speed gears 41 and 43 is fixed a splined collar 46 on 
which a slider 48 is fitted. The sliders 47 and 48 are con- 
nected to the main speed change lever 3 through a shift 
fork, a shifter etc. as shown in Fig. 24 so that they are 
slid on the respective spline collars 45 and 46 by oper- 
ating the main speed change lever 3. 



[0086] To establish the first main speed level, the slid- 
er 48 is slid and fittingly provided across the splined col- 
lar 46 and a small gear 41 a attached on the first gear 
41 so as to rotate the main speed change shaft 25 In the 

5 first speed level. For the second main speed level, the 
slider 48 is located across the splined collar 45 and a 
small gear 42a of the second speed gear 42. For the 
third main speed level, the slider 48 Is located across 
the splined collar 46 and a small gear 43a of the third 

10 gear 43. For the fourth speed level, the slider 47 is lo- 
cated across the splined collar 45 and a small gear 44a 
of the fourth speed gear 44. Consequently, the main 
speed change gear unit 35 Is constructed so as to trans- 
mit power from the input shaft 28 to the main speed 

IS change shaft 25 through the gears on the hollow shaft 
17. 

[0087] As shown in Fig. 1 1 , the counter shaft 24 and 
the main speed change shaft 25 penetrate the center 
plate 12 and project fonivard so as to constitute the re- 

20 verser unit 50. The counter shaft 24 and the main speed 
change shaft 25 are rotatably supported at front ends 
thereof through respective bearings by a cover 27 fixed 
on the front portion of the center plate 1 2 so as to con- 
struct the reverser unit 50 in the cover 27. Therefore, by 

25 providing the center plate 12 Into the predetermined 
place, the reverser unit 50 assembled with the cover 27 
comes into the clutch housing 7. 
[0088] The reverser unit 50 comprises a forward 
traveling follower gear 51 and a rearward traveling fol- 

30 lower gear 52 relatively rotatably provided on afront por- 
tion of the counter shaft 24 through bearings. The for- 
ward traveling follower gear 51 constantly meshes with 
the forward traveling drive gear 55 fixed on the main 
speed change shaft 25 so as to constitute a forward 

3s traveling geartraln. The rearward traveling follower gear 
52 constantly meshes with the forward traveling drive 
gear 55 fixed on the main speed change shaft 25 
through an idler (reversing) gear (not shown) so as to 
constitute a rearward traveling gear train. 

40 [0089] A hub 53 Is fixed on the counter shaft 24 be- 
tween the f onward and rearward traveling follower gears 
51 and 52 so as to constitute a synchro-mesh gear 
mechanism. In this regard, a synchronizer sleeve 54 Is 
slidably provided on the hub 53 and operationally con- 

4s nected to a reverser lever provided in a cab of the vehi- 
cle as mentioned above through a shift fork, a link or so 
on. By operating the reverser lever, the synchronizer 
sleeve 54 slides and meshes with a small gear attached 
on either the forward or reanward traveling follower gear 

50 51 or 52 so as to change the traveling direction of the 
vehicle between forward and rearward directions. 
Therefore, one of the forward and rearward traveling 
gear trains In the reverser unit 50 selectively transmits 
power from the main speed change shaft 25 to the coun- 

55 ter shaft 24. However, the reverser lever Is located at its 
neutral position, the synchronizer sleeve 54 meshes 
with neither the forward traveling follower gear 51 nor 
the reanvard traveling follower gear 52, so that power 
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of engine 5 is transmined to neither the forward traveling 
geartrain northe rearward traveling geartrain, whereby 
the counter shaft 24 Is not driven: 
[0090] In the center unit C1 shown in Fig. 12, the aux- 
iliary speed change gear unit 30 is constructed between s 
the counter shaft 24 and the auxiliary speed change 
shaft 26. 

[0091] Counter gears 60 and 61 are fixed on the coun- 
ter shaft 24 behind the hollow shaft 17, or integrally 
fonned on the counter shaft 24. On the other hand, a 
high speed gear 62 is freely rotatably provided on the 
auxiliary speed change shaft 26 and constantly meshes 
with the counter gear 61 . A slide gear 63 is spline-fitted 
on the auxiliary speed change shaft 26, and operation- 
ally connected through a shifter or so on to an auxiliary 
speed change lever provided in the cab of the vehicle. 
[0092] The slide gear 63 Is provided with a dlanrtetri- 
cally large gear 63a and an inner peripheral gear 63b. 
By operating the auxiliary speed change lever to slide 
the slide gear 63, the large gear 63a meshes with the 
counter gear 60 so as to rotate the auxiliary speed 
change shaft 26 at low speed, or the inner peripheral 
gear 63b meshes with a small gear 62a of the high 
speed gear 62 so as to rotate the auxiliary speed change 
shaft 26 at high speed. 

[0093] Incidentally, a creep gear unit 57 as shown in 
Fig. 1 3 may be provided in the transmission housing 9 
and assembled with the auxiliary speed change gear 
unit 30 therein so as to add a creep speed level as one 
of the auxiliary speed levels. 
[0094] I n the creep gear unit 57, a supporter 59 rotat- 
ably supports a horizontal creep speed change shaft 36, 
which is also shown in Fig. 24, and a horizontal counter 
shaft 38. Creep reduction gears 37 and 39, which are 
also shown in Fig. 12, are fixed on the counter shaft 38. 
Th e gear 39 consta ntly meshes with one of double gears 
40 freely rotatably provided on the creep speed change 
shaft 36. 

[0095] The creep gear unit 57 is inserted into the 
transmission housing 9 through a side opening 9c of the 
transmission housing 9, as show in Fig. 1 2, and the sup- 
porter 59 is fixed to the transmission housing9, whereby 
the creep gear unit 57 is settled in the transmission 
housing 9. The gear 37 constantly meshes with the 
counter gear 60 of the auxiliary speed change gear unit 
30. The other of the double gears 40 Is allowed to mesh 
with the diametrically large gear 63a of the slide gear 63. 
[0096] Due to this construction, when the slide gear 
63 meshes with the gears 40, engine power is transmit- 
ted from the counter shaft 24 through the counter gear 
60, the creep reduction gears 37 and 39, and the slide 
gear 63 to the auxiliary speed change shaft 26, thereby 
creeping the vehicle (i.e., mal<ing the vehicle travel at 
extremely low speed. 

[0097^ In this way, the traveling transmission system 
including the center unit Clis so constructed as to trans- 
mit power from the input shaft 28 to the auxiliary speed 
change shaft 26 through the hollow shaft 17, the main 



speed change shaft 25 and the counter shaft 24. The 
rotational force of the auxiliary speed change shaft 26 
is distributively transmitted to the rear-wheel differential 
gear unit 64 through the pinion 26a, and to the front- 
wheel driving shaft 14 through a front-wheel drive unit 
75. 

[0098] The front-wheel drive unit 75 will be detailed 
later. 

[0099] Description will now be given on the traveling 
transmission system using the center unit C2, compris- 
ing the main speed change gear unit 35' and the auxil- 
iary speed change gear unit 30' shown in Figs. 4(b), 7 
and 18. 

[0100] When the main speed gear unit 35' having a 
gear train for reanward traveling of the vehicle is used, 
a Idnd of the transmission unit U such as the reverser 
unit 50 disposed in the clutch housing 7 is unnecessary. 
Therefore, the center unit C2 uses the center plate 12', 
which replaces the center plate 12supportingthe coun- 
ter shaft 24 and the main speed change shaft 25 there- 
through lengthwise. 

[0101] Similarly with the center plate 12, the center 
plate 12' journals the input shaft 28, which penetrates 
the center plate 12' lengthwise to be connected to the 

clutch shaft 23. Additionally, the center plate 12' journals 
a front end portion of a counter shaft 142 replacing the 
countershaft 24, and a front end portion of a main speed 
change shaft 145 replacing the main speed change 
shaft 25. 

[01 02] The Input gear 28a on the rear end of the input 
shaft 28 meshes with a counter gear 143 fixed on the 
counter shaft 1 42 so as to transmit the rotational force 
of the Input shaft 28 to the counter shaft 1 42. The coun- 
ter shaft 142 serves as an integral combination of the 
counter shaft 24 and the hollow shaft 1 7. on the counter 
shaft 142 are fixedly an'anged a reanivard traveling 
counter gear 144, a counter gear 143, a third speed 
counter gear 153, a first speed counter gear 151 and a 
second speed 152 in a rearward order. On the main 
speed change shaft 145 are freely rotatably provided a 
third speed gear 156, a first speed gear 154 and a sec- 
ond speed gear 155 so as to constantly mesh with the 
third speed counter gear 153, the first speed counter 
gear 151 and the second speed counter gear 152, re- 
spectively. Additionally, on the main speed change shaft 
1 45 Is freely rotatably provided a reanvard traveling gear 
146, which meshes with the backward traveling counter 
gear 144 through an idling gear (not shown). 
[0103] On the main shaft 145 between the first and 
second speed gears 1 54 and 155 is fixed a splined col- 
lar, on which a slider 157 is spline-fitted. The slider 157 
is allowed to slide on the main speed change shaft 145 
so as to selectively mesh with one of small gears 154a 
and 155a which are fomied on the respective first and 
second speed gears 154 and 155, thereby establishing 
either a first or second speed level of fon/vard traveling. 
Also, on the main shaft 145 between the third speed 
gear 156 and the reanward traveling gear 146 Is fixed a 
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splined collar, on which a slider 158 Is spline-fitted. The 
slider 158 Is also allowed to slide on the main speed 

change shaft 145 so as to selectively mesh with one of 
small gears 1 56a and 146a which are fonmed on the re- 
spective gears 156 and 146, thereby establishing either s 
a first speed level of fon/vard traveling or a speed level 
of reanward traveling. 

[0104] In the center unit C2 used for the powertrans- 
mission device shown in Figs. 4(b) and 7, an auxiliary 
speed change gear unit 30' having three speed levels 
is constructed between the main speed change shaft 
145 and the auxiliary speed change shaft 26. 
[0105] On a rear portion of the main speed change 
shaft 145 is fixed gears 160, 161 and 162. On the aux- 
iliary speed change shaft 26 is relatively rotatably pro- 
vided gears 1 63 and 1 64. The gears 1 60 and 1 63 con- 
stantly mesh with each other so as to constitute a high 
speed gear train. The gears 162 and 164 constantly 
mesh with each other so as to constitute a low speed 
gear train. 

[0106] On the auxiliary speed change shaft 26 be- 
tween the gears 163 and 164 is axially siidably spline- 
fitted a slide gear 1 65 so as to mesh with one selected 
from a small gear 1 63a provided on the gear 1 63, a small 
gear 1 64a provided on the gear 1 64 and the gear 1 61 . 
When the slide gear 165 meshes with the gear 161, a 
mid speed level gear train is established so as to trans- 
mit the rotational force of the main speed change shaft 
145 to the auxiliary speed change shaft 26. The rota- 
tional force of the main speed change shaft 145 is alter- 
natively transmitted to the auxiliary speed change shaft 
26 through a high speed gear train including the gears 
160 and 163 by meshing the slide gear 165 with the 
small gear 163a, or through a low speed gear train In- 
cluding the gears 1 60 and 1 64 by meshing the slide gear 
165 with the small gear 164a. 
[0107] The auxiliary speed change gear unit 30' may 
be replaced with the above-mentioned auxiliary speed 
change gear unit 30. In this case. It is required for the 
Inner arrangement of the center unit C1 that the gears 
60 and 61 are not fixed on the countershaft 24 but fixed 
on the main speed change shaft 145, and the gears 62 
and 63 are provided on the auxiliary speed change shaft 
26 and mesh with the respective gears 60 and 61 . 
[0108] Further, if in the above-mentioned center unit 
01 Is arranged the auxiliary speed change unit 30' re- 
placing the auxiliary speed change unit 30, the gears 
1 60, 1 61 and 1 62 are fixed on the counter shaft 24, and 
the gears 1 63, 1 64 and 1 65 are provided on the auxiliary 
speed change shaft 23. 

[0109] Description will now be given on the HST unit 
1 30 using the center unit 03, serving as the main speed 
change mechanism in the traveling transmission system 
shown in Figs. 4(c), 8, 19 and 20. 
[01 1 0] The center plate 1 2" of the center unit 03 is so 
constructed as to journal an input shaft 135, an HSTout- 
put shaft 136, a counter shaft 24", the auxiliary speed 
change shaft 26, and the front-wheel driving shaft 14. 



As shown in Fig. 19, an HST housing 132 is fixed onto 
a front surface of the center plate 12" so as to support 
the cantilever HST unit 130. The center plate 12" is 
fonned therein with oil passages so as to serve as a 
center section of the HST u nit 1 30, thereby saving costs. 
[01 1 1 ] The HST unit 1 30 is constituted by an axial pis- 
ton variable displacement hydraulic pump and an axial 
piston fixed displacement hydraulic motor which are ar- 
ranged in parallel in the HST housing 132 and fluidly 
connected to each other. Therefore, the input shaft 135 
is placed on the axis of the hydraulic pump, the HST 
output shaft 1 36 on the axis of the hydraulic motor. The 
Input shaft 1 35, serving as a pump shaft of the hydraulic 
pump, penetrates the HST unit 130 lengthwise so as to 
be connected at a front end thereof to the clutch shaft 
23. The HST output shaft 136, serving as a motor shaft 
of the hydraulic motor, projects reanvard and penetrates 
the center plate 12" so as to be fixedly connected to a 
coaxial auxiliary speed change drive shaft 137. 
[0112] When the center unit 03 is property placed, the 
hydraulic pump and the hydraulic motor are aligned in 
the substantially vertical direction in the HST unit 130, 
however, they are laterally offset from each other to 
some degree. As shown in Fig. 20, a straight line con- 
necting the axis of the input shaft 135 (the pump shaft) 
to the axis of the HST output shaft 1 36 (the motor shaft) 
is laterally inclined from a vertical line V at an angle a. 
Therefore, the bottom position of the HST unit 130 be- 
comes higher than the bottom of the conventional HST 
having vertically arranged hydraulic pump and motor, 
thereby raising the front-wheel driving shaft 14 below 
the HST unit 1 30 and ensuring a high ground clearance 
of the vehicle. 

[0113] Moreover, this slant arrangement of the HST 
unit 1 30 ensures a space between one lower lateral side 
of the HST housing 132 and an inner surface of the 

clutch housing 7 as illustrated in solid lines in Fig. 20 as 
a cross sectional viewtal<en on X-X line of Fig. 8. In this 
space are arranged a speed control shaft 133, which 
projects downwardly slantwise from the HST housing 
132, and a speed change arm 134. The speed control 
shaft 133 is rotated so as to change the rotational speed 
and direction of the HST output shaft 136 so as to tilt a 
movable swash plate of the hydraulic pump (or change 
the capacity of the hydraulic pump). The speed change 
aim 134 is fixed at a base end portion thereof to the 
speed control shaft 133, and pivotally connected at an 
utmost end portion thereof to a rear end of a connection 
rod 129. The connection rod 129 is extended forward in 
the clutch housing 7 so as to be connected to the above- 
mentioned main speed change lever 3 through the front 
side surface of the clutch housing 7. 
[01 1 4] Incidentally, phantom lines in Fig. 20 are drawn 
as a cross sectional view taken on Y-Y line of Fig. 8, 
which is a sectional view of a portion of the clutch hous- 
ing 7 ahead of its portion incorporating the HST unit 1 30, 
assisting it to be understood that in the clutch housing 
7 is ensured an enough space for arrangement of the 
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connection rod 129 extended forward from the speed 
change arm 134. 

[0115] In this way, according to this embodiment, the 
center unit C3 assembled therein with the HST unit 1 30 
has the noisy speed control shaft 133 and the speed 
change arm 1 34 enclosed by the clutch housing 7. Fur- 
thennore, the connection rod 129 is extended from the 
speed change arm 134 so as to be connected to the 
main speed change lever 3 between inside and outside 
through the portion of the clutch housing 7 having a dis- 
tance from the HST unit 130, thereby reducing noise of 
the IHST in actuation leal<lng outward from the clutch 
housing 7. 

[0116] Moreover, both the speed change ami 134 and 
the connection rod 129 are disposed in the clutch hous- 
ing 7 so as to be protected from mud or dust outside the 
clutch housing 7, whereby these link members are pre- 
vented from unstably moving. Furthermore, a slacl< por- 
tion provided in the conventional linl<ageis unnecessary 
to be arranged between the main speed change lever 3 
and the speed control shaft 133, thereby ensuring a 
long-lived accurate reaction of the HST to operation of 
the main speed change lever 3. 
[0117] Further, while the speed change ami 134 and 
the connection rod 129 are arranged in the clutch hous- 
ing 7, the linl<age is not laterally aligned with the HST 
unit 130 but vertically aligned with the hydraulic pump 
so as to ensure the compact assembly. 
[0118] Incidentally, the center unit C3 shown In Figs. 
8 and 1 9 is assembled therein with the auxiliary speed 
change unit 30'. In the first room R1 of the transmission 
housing 9, the auxiliary speed change drive shaft 1 37 is 
extended coaxlally and integrally with the HST output 
shaft 136, and journalled at a rear end thereof by the 
front partition wall 9a. On the auxiliary speed change 
shaft 137 are fixed gears 160, 161 and 162, which con- 
stitute the auxiliary speed change gear unit 30' together 
with the gears 1 63, 1 64 and 1 65 provided on the auxil- 
iary speed change shaft 26. 

[0119] Description will be given on the front-wheel 
drive unit 75 arranged in the transmission housing 9. 
The common front-wheel drive unit 75 is shared among 
the center units CI , C2 and C3. The front-wheel drive 
unit 75 is constructed around the front-wheel drive shaft 
1 4 journalled by the center plate 1 2 (1 2' or 1 2") so as to 
tal<e off power for driving the front wheels from the aux- 
iliary speed change shaft 26. Gears 67 and 68 are freely 
rotatably provided on the front wheel drive shaft 14 
through respective bearings and constantly mesh with 
respective gears 65 and 66 fixed on a front portion of 
the auxiliary speed change shaft 26. The gears 65 and 
67 constitute a front-wheel speed-reduction gear train, 
and the gears 66 and 68 constitute a front-wheel speed- 
increasing gear train. 

[0120] On the front-wheel drive shaft 14 is fixed a 
clutch casing 69, provided a front-wheel drive clutch 72 
between the gear 67 and the clutch casing 69, and pro- 
vided the front-wheel speed-increasing clutch 71 be- 



tween the gear 68 and the clutch casing 69. The front- 
wheel drive clutch 72 is engaged so as to transmit the 
rotation of the auxiliary speed change shaft 26 to the 
front-wheel drive shaft 1 4 through gears 65 and 67 serv- 
5 Ing as the front-wheel speed-reduction gear train. The 
front-wheel speed-increasing clutch 72 is engaged so 
as to transm it the rotation of the auxiliary speed change 
shaft 26 to the front-wheel drive shaft 14 through gears 
66 and 68 serving as the front-wheel speed-Increasing 
10 gear train, thereby rotating the front-wheel drive shaft 
Ufast. Incidentally, the front-wheel drive clutch 72 and 
the front-wheel speed-increasing clutch 71 are electro- 
magnetically controlled hydraulic clutches. 
[0121] A front end of the front-wheel drive shaft 14 
15 projects forward from the center plate 1 2 so as to project 
forward from the clutch housing by properly placing the 
center plate 12 in the clutch housing 7. Power Is trans- 
mitted from the projecting front end of the front-wheel 
drive shaft 14 to a front-wheel differential gearing In a 
front axle casing through universal joints, atransmission 
shaft and so on, thereby driving the front wheels 1 . 
[01 22] A 2WD/4WD switching device on the cab of the 
vehicle is operated so as to switch an electromagnetic 
valve for selectively engaging or disengaging the front- 
wheel drive clutch 72, which is engaged for driving four 
wheels of the vehicle when the vehicle Is at woric, and 
disengaged for driving two wheels of the vehicle when 
the vehicle travels on a road. 
[0123] The vehicle is provided with means for detect- 
ing a rotational angle of steering wheel 14. The means 
is connected to the electromagnetic valve for controlling 
the fonward-wheel speed-increasing clutch 71 , so that 
the front-wheel speed-increasing clutch 71 is engaged 
when the steering wheel 1 0 is rotated beyond a certain 
angle. Accordingly, when the steering angle for turning 
the vehicle becomes large, the front-wheel speed-in- 
creasing clutch 71 is engaged so as to transmit power 
from the auxiliary speed change shaft 26 to the front- 
wheel drive shaft 14 through the front-wheel speed-in- 
creasing gear train (the gears 66 and 68), thereby rotat- 
ing the front wheels 1 fast, whereby the vehicle turns 
without damaging a field surface. Incidentally, when the 
front-wheel speed-Increasing clutch 72 Is engaged, the 
front-wheel drive clutch 72 is automatically disengaged. 
[0124] In correspondence to different modes, for ex- 
ample, only the front-wheel drive clutch 72 may be pro- 
vided without the front-wheel speed-increasing clutch 
71, as shown in Figs. 4(b) and 7, if the vehicle does not 
require speed increasing of the front wheels. Altema- 
tlvely, the ratio of number of teeth between the gears 66 
and 68 may be changed so as to change the gear ratio 
of the front-wheel speed-increasing gear train, thereby 
changing the increased rotational speed of the front 
wheels 1 . 

[0125] Incidentally, in Fig. 15, the gears 62 and 63 

constituting the auxiliary speed change gear unit 30 are 
provided on the auxiliary speed change shaft 26. Of 
course, the auxiliary speed change gear unit 30' may 
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replace the auxiliary speed change gear unit 30. 
[0126] Description will now be given on the PTO 

transmission system. 

[0127] Either the PTO speed change unit 80 or 80', 
when it is assembled with the PTO reduction gear unit 
1 1 0 so as to constitute the PTO transmission system is 
assembled In any of the center units C1 , C2 and C3. 
[0128] In Fig. 12 Is shown the PTO speed change unit 
80 assembled In the center unit 01 . The PTO speed 
change unit 80 selects a speed level among three speed 
levels of nomial directive rotation and a speed level of 
reversed directive rotation. The FTO speed change unit 

80 will be described In accordance with Fig. 12. 
[0129] The PTO speed change shaft 13 is coaxlally 
extended rearward from the Input shaft 28 joumalled by 
the center plate 12. The PTO speed change shaft 13 is 
supported through the first, second and third rooms R1 , 
R2 and R3 of the transmission housing 9 while it is jour- 
nalled by the front and rear partition walls 9a and 9b and 
the rear cover 8. The PTO transmission shaft 13 is rel- 
atively rotatably Inserted at the front end thereof into the 
rear end of the input shaft 28. Incidentally, the PTO 
speed change shaft 13 according to this embodiment 
serves as a front shaft 13a and a rear shaft 13b, which 
are Integrally connected with each other. The front shaft 
13a is disposed In the front room R1 and journalled at 
a rear end portion thereof by the front partition wall 9a. 
The front shaft 1 3b is connected to the rear shaft 1 3b in 
a front portion of the second room R2. 

[0130] In the first room R1, a PTO first speed gear 81 
and a PTO second speed gear 82 are freely rotatably 
provided on the PTO speed change shaft 13 {the front 
shaft 13a) and mesh with the second speed counter 
gear 32 and the third speed counter gear 33 fixed on the 
hollow shaft 17, respectively. 
[0131] The Input shaft 28 is fonned on the rear end 
thereof with a small gear 18b as well as the input gear 
28a meshing with the fourth speed counter gear 34 fixed 
on the hollow shaft 1 7. Asmall gear 81 a Is formed on the 
PTO first speed gear 81 opposite to the small gear 28b. 
The PTO speed change shaft 1 3 (the front shaft 1 3a) is 
formed thereon between the small gears 28b and 81a 
with a spline 1 3c, on which a slider 83 is fitted. A small 
gear 82a Is formed on the rear end of the PTO second 
speed gear 82. A slider 85 is fitted on a splined collar 
84 fixed on the PTO speed change shaft 13 so as to be 
allowed to mesh with the small gear 82a. 
[01 32] When the slider 83 meshes with the small gear 

81 a, the rotational force of the Input shaft 28 Is transmit- 
ted to the PTO speed change shaft 1 3 through the gears 
28a and 34, the hollow shaft 17 and the gears 32 and 
81 In the largest deceleration ratio, thereby rotating the 
PTO speed change shaft 13 at low speed. When the 
slider 85 meshes with the small gear 82a, the rotational 
force of the input shaft 28 is transmitted to the PTO 
speed change shaft 13 through the gears 28a and 34, 
the hollow shaft 1 7 and the gears 33 and 82 In a decel- 
eration ratio which is smaller than the above-mentioned 



ratio, thereby rotating the PTO speed change shaft 13 
at middle speed. When the slider 83 meshes with the 

small gear 28b, the PTO speed change shaft 13 Is Inte- 
grated with the Input shaft 28 so as to be rotated at high 
5 speed. 

[01 33] Furthemiore, the reversal PTO gear 86 is free- 
ly rotatably provided on the PTO speed change shaft 1 3 
behind the splined collar 84. Asmall gear 86a Is fonned 
on the reversal PTO gear 86 and allowed to mesh with 
10 the slider 85. A side surface of the transmission housing 
9 is opened (not shown) on a side of the reversal PTO 
gear 86 and the first speed counter gear 31 . As shown 
in Fig. 1 4, a reversal shaft 89 is fixed to an utmost end 
portion of a supporter 88. An idler gear 87 is rotatably 
15 supported on the reversal shaft 89. The supporter 88 Is 
inserted into the transmission housing 9 through the 
side opening thereof, and fixed to the side surface of the 
transmission housing 9 so as to cover the side opening, 
so that the idler gear 87 meshes with the reversal PTO 
20 gear 86 and the first speed counter gear 31 . 

[0134] Therefore, when the slider 85 meshes with the 
small gear 86a, power In transmitted from the input shaft 
28 to the PTO speed change shaft 1 3 through the input 
gear 23a, the fourth speed counter gear 34, the hollow 
25 shaft 1 7, the first counter gear 31 , the idler gear 87, the 
reversal PTO gear 86, the slider 85 and the splined col- 
lar 84 so as to rotate the PTO speed change shaft 1 3 in 
the reversed direction. Alternatively, a mode having no 
reversal PTO may be provided, and in this case, the sup- 
so porter 88 is removed and the side opening of the trans- 
mission housing 9 is closed. Alternatively, the reversal 
PTO may be attached to the device after completing the 
other assembly work. 

[0135] In this way, such a compact and economic 

35 structure Is ensured that the hollow shaft 17 and the 
counter gears 34, 32, 33 and 31 fixed thereon are 
shared between the main speed change unit 35 of the 
center unit 01 and the PTO speed change gear unit 80. 
[0136] The PTO speed change gear unit 80 assem- 

40 bled in the center unit 03 is shown in Fig. 19. In this 
case, the rear portion of the input shaft 1 35 projects rear- 
ward from the HST unit 130, and Integrally connected 
to a joint shaft 139 joumalled by the center plate 12". 
The PTO speed change shaft 13 (the front shaft 13a) is 

^ relatively rotatably connected to the joint shaft 139. In 
the first room R1 of the transmission housing 9, a small 
gear 1 39a replacing the small gear 28a and a small gear 
139b replacing the small gear 28b are fonned on the 
joi nt shaft 1 39. Similarly to the above-mentioned center 

50 unit 01 , the on the PTO speed change shaft 1 3 (the front 
shaft 1 3a) are provided the slider 83, the PTO first speed 
gear 81 , the PTO second speed gear 82, the slider 85 
and the PTO reversal gear 86. The slider 83 is allowed 
to mesh with the small gear 139b, and the PTO reversal 

55 gear 86 meshes with the idler gear 87. 

[0137] The counter shaft 24' sen/es as the counter 
shaft 24 from which the holiow shaft 17 is removed. 
Counter gears 34', 32', 33' and 31 ' replacing the above- 



14 



27 



EP 1 334 861 A1 



28 



mentioned counter gears 34, 32, 33 and 31 are fixed on 
the counter shaft 24' so as to mesh with the gears 139a, 
81 , 82 and 87, respectively. Accordingly, in the center 
unit C3, the counter shaft 24' and the counter gears 34', 
32', 33' and 31 ' fixed thereon are not used for changing 
traveling speed of the vehicle but used for changing 
PTO speed. 

[0138] Description will be given on the PTO speed 
change gear unit 80' havingthree speed levels of nonnal 
directive rotation assembled In the center unit C2, 
shown in Fig. 18. 

[0139] InthefirstroomRI ofthe transmission housing 
9, on the PTO speed change shaft 13 (the front shaft 
13a) coaxlally and relatively rotatably connected to the 
Input shaft 28 are freely rotatably provided a PTO third 
speed gear 1 73, a PTO first speed gear 1 71 and a PTO 
second speed gear 1 72 in a rearward order A small gear 
173a is fonned on a front end of the PTO third speed 
gear 1 73, a small gear 1 71 a on a rear end of the PTO 
first speed gear 1 71 , and a small gear 1 72a on a front 
end of the PTO second speed gear 172. Aslider 175 is 
spline-fitted on the PTO speed change shaft 1 3 between 
the Input gear 28a on the rear end of the input shaft 28 
and the small gear 173a so as to be allowed to mesh 
with the small gear 173a. Aslider 174 Is spline-fitted on 
the PTO speed change shaft 13 between the small 
gears 1 73a and 1 72a so as to be allowed to mesh with 
either the small gear 1 73a or 1 72a. 
[0140] The third speed counter gear 153, the first 
speed counter gear 151 and the second counter gear 
152 in the main speed change gear unit 35' are also 
used for the PTO speed change gear unit 80' so as to 
constantly mesh with the PTO third speed gear 173, the 
PTO first speed gear 171 and the PTO second speed 
gear 1 72. 1 n this way, one of the small gears 1 71 a, 1 72a 
and 1 73a Is selectively meshed with eitherthe slider 1 73 
or 1 74 so as to transmit the rotational force of the input 
shaft 28 to the PTO speed change shaft 1 3 through the 
counter shaft 142, thereby establish a rotational speed 
level of the PTO speed change shaft 13 selected from 
three speed levels. 

[0141] in addition, if the PTO speed change gear unit 
80 in the center unit 02 is exchanged forthe PTO speed 
change gear unit 80', the gears, sliders etc. on the PTO 
speed change shaft 13 (the front shaft 13a) are ex- 
changed for those on the PTO speed change shaft 13 
shown in Figs. 12 and 19. Also, the PTO reversal gear 
mechanism shown in Fig. 14 is assembled together. 
Then, the gears of the PTO speed change gear unit 80' 
and the PTO reversal gear mechanism are meshed with 
the respective counter gears 153, 151 and 152 on the 
counter shaft 142. What should be taken into account Is 
that the gears on the PTO speed change shaft 13 are 
interchanged and the arrangement position of the PTO 
reversal gear mechanism is considered in con'espond- 
ence to the arrangement of the gear group on the PTO 
speed change shaft 13. 

[0142] In each of center units 01 and 03, the PTO 



speed change gear unit 80 may be replaced with the 
PTO speed change gear unit 80'. In this case, the ar- 
rangement of the gears on the PTO speed change shaft 
1 3 may be changed so as to mesh with the gears on the 

5 hollow shaft 17 and the countershaft 24'. 

[0143] inthisway, on the PTO speed change shaft 13 
(the front shaft 13a) is constructed eitherthe PTO speed 
change gear unit 80 or 80' In the first room R1 of the 
transmission housing 9. Also, the PTO speed change 

10 shaft 13 is inserted at the rear portion thereof into the 
third room R3 and journalled at the rear end thereof by 
the rear cover 8, as shown in Fig. 16. In the third room 
R3, a small gear 123 Is fixed on the rear portion of the 
rear shaft 13b and meshes with a diametrically large 

IS gear 124 fixed on the PTO shaft 15 so as to constitute 
the PTO reduction gear unit 110. 
[0144] According to the embodiment shown in Figs. 4 
(d) and 9, Instead of the PTO transmission gear train 
serving as the above-mentioned combination of either 

20 the PTO speed change gear unit 80 or 80' In the first 
room R1 and the PTO reduction gear unit 1 1 0 in the third 
room R3, a rear PTO speed change gear unit 1 27 having 
two high and low speed levels provided in the third room 
R3 while no PTO speed change gear Is provided In the 

2s first room R1 . Description will now be given on the rear 
PTO speed change gear unit 127 In accordance with 
Figs. 21 to 24. 

[0145] As mentioned above, the PTO speed change 
shaft 13 (the rear shaft 13b) Is inserted into the third 

30 room R3, and joumalled by the rear partition wall 9b and 
the rear cover 8. As discussed later, when the PTO 
clutch unit 18 is provided, the PTO speed change shaft 
13 (the rear shaft 13b) may be replaced with the PTO 
clutch shaft 29. 

35 [0146] in the third room R3, gears 104 and 105 are 
fixed on the PTO speed change shaft 1 3 and mesh with 
respective follower gears 106 and 107 freely rotatably 
provided on the (rear) PTO shaft 1 5. The gears 1 04 and 
108 constitute a high speed gear train, and the gears 

40 1 05 and 1 07 a low speed gear train. Small gears 1 06a 
and 107a are provided on the respective follower gers 
196 and 107. A slider 109 Is siidably disposed on the 
PTO shaft 15 through a splined collar 108 between the 
small gears 106a and 107a. 

45 [0147] Accordingly, the slider 1 09 is slid so as to mesh 
with eitherthe small gear 1 06a or 1 07a, thereby rotating 
the PTO shaft 15 at either high or low speed. Inciden- 
tally, the slider 1 09 may be located so as to mesh none 
of the small gears 106a and 107a, thereby setting the 

50 PTO shaft 15 in neutral. Namely, an operation device 
(such as a lever) for sliding the slider 109 is used for 
PTO clutch operation as well as for PTO speed change 
operation. 

[0148] Power is transmitted from the PTO speed 
55 change shaft 13 to the mid PTO gear unit 111 by install- 
ing the mid PTO gear mechanism into the third room R3 
while using the gear 107 provided on the PTO shaft 15 
In the third room R3. 
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[0149] In this regard, as shown in Figs. 21 and 22, in 
the third room R3 is rotatably supported a counter shaft 
1 1 2 through bearings between the rear partition wall 9b 
and the rear cover 8 beiow the PTO shaft 1 5. A counter 
gear 1 1 4 Is fixed on the counter shaft 11 2 and constantly 
meshes with the follower gear 1 07 which Is freely rotat- 
ably provided on the PTO shaft 1 5 as mentioned above. 
[0150] Further, a mid PTO input shaft 113 is extended 
from the second room R2 of the transmission housing 9 
Into the third room R3 below the countershaft 112 and 
joumalled by the rear cover 8. A gear 1 1 5 Is fixed on the 
mid PTO input shaft 113 and meshes with the counter 
gear 114. 

[0151] The rear cover 8 can be removed to facilitate 
the arrangement of gears and shafts, including those of 
the PTO reduction gear unit 1 1 0, Into the third room R3. 
[01 52] The mid PTO gear unit 1 1 1 1s constmcted such 
as shown in Fig. 23. The mid PTO gear unit 111 Is in- 
serted into the transmission housing 9 sidewise as 
shown in Fig. 24 so that a main body of a mid PTO cas- 
ing 116 of the mid PTO gear unit 111 is laterally exposed 
on the transmission housing 9. As shown In Fig. 15, an 
input shaft support 116a extended from the mid PTO 
casing 11 6 is inserted through a hole 9d, which is open 
at a side surface of the transmission housing 9, and dis- 
posed behind the front-wheel drive unit 75 in the second 
room R2 of the transmission housing 9. The mid PTO 
input shaft 1 1 3 Is journalled at a front end thereof by the 
input shaft support 116a in the second room R2. As 
shown in Fig. 22, in the second room R2, the ring gear 
70 of the rear-wheel differential gear unit 64 and the 
gears of the auxiliary speed change gear unit 30 (30') 
are prevented from Interfering with the mid PTO input 
shaft 113 which Is disposed on a lateral side of the ring 
gear 70 and below the auxiliary speed change gear unit 
30 (30'). 

[0153] As shown In Figs. 23 and 24, the main body 
portion of the mid PTO casing 1 1 6 outside the transmis- 
sion housing 9 journals the mid PTO shaft 120 horizon- 
tally lengthwise. The mid PTO shaft 120 projects for- 
ward from the mid PTO casing 116. An intennediate 
shaft 117 is disposed in parallel between the mid PTO 
shaft 120 and the mid PTO input shaft 113. The inter- 
mediate shaft 1 1 7 Is fixedly inserted at a front end there- 
of into the input shaft support 116a. A gear 11 8 is fixed 
on the front end of the mid PTO input shaft 113 and 
meshes with an intermediate gear 119 freely rotatably 
provided on the intermediate shaft 117. The intennedi- 
ate gear 119 meshes with the gear 121 freely rotatably 
provided on a rear portion of the mid PTO shaft 120. 
[0154] A slider 122 is spline-fitted on the mid PTO 
shaft 120. Slider 122 is slid so as to mesh with a small 
gear 121a fonned on the gear 121. The slider 122 is 
connected to an operation shaft 126 through a shifter 
forl( 125. The connection shaft 126 projects outward 
from the mid PTO casing 116 so as to be manipulated 
directly or remote-controlled from the cab of the vehicle. 
In this way, the sliders 122 and others constitute a clutch 



of the transmission system to the mid PTO shaft 120, i. 
e., a mid PTO clutch. 

[0155] The gear 1 07 in the third room R3 of the trans- 
mission housing 9 Is freely rotatably provided on the rear 
s PTO shaft 1 5 so as to transmit the rotational force of the 
PTO speed change shaft 13 to the mid PTO Input shaft 
113 whetherthe rear PTO clutch including the slider 1 09 
is engaged or not, and regardless of the rear PTO speed 
level. Therefore, the mid PTO clutch is independent of 
10 the rear PTO clutch. 

[0156] The mid PTO shaft 1 20 projects at a front end 
thereof fonward from the mid PTO casing 11 6 so as to 
be drivingly connected to an input portion of a mid- 
mount working machine through universal joints, etc., 
IS thereby driving the mid-mount working machine. 
[0157] As shown In Fig. 24, the mid PTO Input shaft 
113, the intennediate shaft 116 and the mid PTO shaft 
120, which are aligned in a substantially horizontal line, 
while the mid PTO shaft 120 is disposed on a lateral side 
of the transmission housing 9, become higher than the 
same kind of shafts projecting fonvard from the lower 
expanded portion of the conventional transmission 
housing, thereby increasing the ground clearance of the 
vehicle. In addition, the mid PTO gear unit 111 is not 
attached to the front end portion of the transmission 
housing 9 but attached to the portion thereof behind the 
front-wheel drive unit 75. Therefore, the mid PTO shaft 
1 20 is disposed behind the conventional position thereof 
so as to reduce a bend angle of a transmission shaft 
extended from the mid PTO shaft 1 20 to the input portion 
of the mid-mount working machine, thereby Improving 
efficiency and stability of this transmission. 
[0158] The rear PTO clutch including the slider 1 09, 
constructed in the third room R3 of the transmission 
housing 9, when it is disengaged, cannot stop the rear 
PTO shaft 15 without inertial rotation. Similarly, the mid 
PTO clutch including the slider 122, when it is disen- 
gaged, cannot stop the mid PTO shaft 120 without iner- 
tial rotation. 

[0159] Further, in the PTO transmission system serv- 
ing as the combination of the PTO speed change gear 
unit 80 (or 80') and the PTO reduction gear unit 1 1 0 with 
the PTO speed change shaft 13, the main clutch 21 Is 
disengaged so as to isolate the PTO speed change shaft 
13 from power transmission, thereby stopping the PTO 
shaft 15, however, attended with inertial rotation thereof. 
Besides, the PTO clutch cannot be operated independ- 
ently of the clutch operation of the traveling transmission 
system. 

[0160] The PTO clutch unit 1 8, shown in Figs. 6 and 

17, is disposed in the second room R2 of the transmis- 
sion housing 9 above the rear-wheel differential gear 
unit 64. The PTO clutch unit 18 includes a PTO brake 
for stopping the inertial rotation when being unclutched. 
When the mid PTO gear unit 1 1 1 is provided, a common 
portion of the PTO transmission system shared between 
the rear PTO shaft 1 5 and the mid PTO shaft 1 20 is pro- 
vided for the PTO clutch unit 18. Therefore, the PTO 
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clutch unit 18 evenly applies Its clutching and braking 
effects onto both the PTO shafts 15 and 120. 
[0161] Description will now be given on the PTO 
clutch unit 18. 

[0162] WhenthePTOclutchunit18isdisposedlnthe s 
second room R2, the single PTO speed change shaft 
1 3 (or the Integrally connected front and rearshafts 1 3a 
and 13b) extended from the rear end of either the input 
shaft 28 or 1 35 to the rear cover 8 is required to be di- 
vided into front and rear parts through the PTO clutch 
so that the front and rear parts are relatively rotated 
when the PTO clutch Is disengaged. 
[0163] In Fig. 17, the PTO clutch unit 18 divides the 
PTO transmission shaft Into the PTO transmission front 
shaft 1 3a laid In the first room R1 and a PTO clutch shaft 
29 (replacing the PTO transmission rear shaft 1 3b) laid 
between the second and third rooms R2 and R3. 
[0164] Alternatively, according to the embodiment of 
Fig. 6, the PTO transmission front shaft 13a is also re- 
placed with a single PTO transmission shaft 23', which 
Is fixed at a front end portion thereof to a flywheel 20 In 
the clutch housing 7 and journalled at a rear end portion 
thereof by the front partition wall 9a of the transmission 
housing 9. The PTO transmission shaft 23' is connected 
to the PTO clutch shaft 29 through the PTO clutch unit 
1 8 In the second room R2 of the transmission housing 
9. Namely, the PTO transmission shaft 23' is rotated to- 
gether with the flywheel 20 as an engine output shaft. 
[01 65] If the HST unit 1 30 serves as the main speed 
change mechanism, as shown In Figs. 8, etc., the PTO 
transmission shaft 23' is also used as a pump shaft of 
the HST. The reason is that the HST can stop its output 
shaft (a motor shaft) by setting a movable swash plate 
of the hydraulic pump regardless of rotation of the PTO 
transmission shaft 23' serving as the pump shaft. 
[01 66] However, according to the embodiment of Fig. 
6, the mechanical main speed change gear unit 35 
serves as the main speed change mechanism so that 
the main clutch 21 is required apart from the PTO clutch 
unit 18 of the PTO transmission system. Therefore, in 
the clutch housing 7, a hollow shaft 102 replacing the 
input shaft 28 is freely rotatably provided on the PTO 
transmission shaft 23', and the main clutch 21 is inter- 
posed between the flywheel 20 and a front end of the 
hollow shaft 102. Also, in the first room R1 of the trans- 
mission housing 9, a traveling Input gear 102a replacing 
the Input gear 28a Is formed on a rear end of the hollow 
shaft 1 02 and meshes with a fourth speed counter gear 
34 on the hollow shaft 17. 

[0167] In this way, the PTO clutch unit 18 Is installed 
In the PTO transmission system so as to make the clutch 
of PTO transmission system Independent of the clutch 
of traveling transmission system. 
[0168] Description will be given on the PTO clutch unit 
1 8 shown in Fig. 1 0. in the second room Ft2 of the trans- 
mission housing 9, a boss 90 is integrally rotatably fitted 
at a front end portion thereof to the rear end of the PTO 
transmission front shaft 13a (or the PTO transmission 



shaft 23' in the embodiment of Fig. 6) and Is rotatably 
supported through a bearing by the front partition wall 
9a. On the other hand, a clutch casing 91 Is fixed on the 
front portion of the PTO clutch shaft 29. 
[0169] Between a front portion of the clutch casing 91 
and a rear portion of the boss 90 are alternately ar- 
ranged friction discs 92 slidably fitted onto the boss 90 
and friction discs 93 slidably fitted onto the clutch casing 
91. A piston 94 Is disposed In the clutch casing 91. A 
PTO clutch lever 77 Is disposed beside the driver's seat 
11 . When the PTO clutch lever 77 is operated so as to 
push the piston 94, the friction discs 92 and 93 are 
pressed against one another so as to transmit power 
from the boss 90 integrated with the PYO transmission 
front shaft 1 3a (or the PTO transm Ission shaft 23') to the 
clutch casing 91 integrated with the PTO transmission 
shaft 29. A spring 97 is interposed between a front end 
of the piston 94 and the clutch casing 91 so as to bias 
the piston 94 to disengage the PTO clutch. In this way, 
a dry PTO clutch 78 is constmcted. 
[01 70] Between the transmission housing 9 and a rear 
outer periphery of the clutch casing 91 are alternately 
arranged a plurality of friction discs 95 slidably fitted on- 
to the clutch casing 91 and a plurality of friction discs 96 
slidably fitted onto the transmission housing 9 so as to 
constitute a dry PTO brake 79. A spring 98 is Interposed 
between the piston 94 and a retainer 99 slidably provid- 
ed around a rear portion of the piston 94 so as to bias 
the piston 94 forward (to engage the PTO clutch 78 and 
release the PTO brake 79). The force of spring 97 is 
larger than that of spring 98. 
[0171] The retainer 99 Is provided at a rear portion 
thereof with a contact member 100 rotatably provided 
on the PTO transmission shaft 29 so that the contact 
member 100 abuts against an ami 101 disposed con- 
tinuously from the PTO clutch lever 77. 
[0172] In this way, the PTO clutch 78 and the PTO 
brake 79 are assembled together as a unit, and opera- 
tion systems to the PTO clutch 78 and the PTO brake 
79 are concentrated so that only the PTO clutch lever 
77 is operated to move the piston 94 through the amn 
101 and so on so as to switch both the PTO clutch and 
the PTO brake. 

[0173] The PTO clutch lever 77 is provided for its op- 
erational location with three positions, i.e., a PTO clutch 
on (PTO brake off) position, a neutral position where 

both the PTO clutch and the PTO brake are switched 
off, and a PTO brake on (PTO clutch off) position. 
[01 74] As shown in Fig. 1 9, an upper space of the sec- 
ond room R2 of the transmission housing 9 above the 
rear-wheel differential gear unit 64 is used for arranging 
the PTO clutch unit 18 so that the PTO clutch unit 18 
approaches the PTO clutch lever 77 disposed above the 
upper room R2 as much as possible, thereby extremely 
shortening and simplifying a linkbetween the unit 1 8 and 
reducing operational error of the F^O clutch unit 18. 
[0175] in this structure, when the PTO clutch lever 77 
is located at the PTO brake on position, I.e., when the 
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rear PTO shaft 15 (and the mid PTO shaft 120) is not 
driven and braked, the friction discs 92 and 93 are sep- 
arated from one another due to the force of the spring 
97 biasing the piston 94 rearward so that the rotational 
force of the PTO transmission front shaft 13a is not 
transmitted to the 1^0 clutch shaft 29, and on the other 
hand, the friction discs 95 and 96 are pressed against 
one another so as to bral<e the PTO clutch shaft 29, 
thereby preventing the wori<ing machine (machines) 
from being unexpectedly driven. 
[01 76] When the PTO clutch lever 77 is set in the PTO 
neutral position, the ami 1 01 is rotated so as to push the 
piston 94 fon/vard through the contact member 1 00 and 
the retainer 99 so as to separate the friction discs 95 
and 96 from one another, thereby making the PTO 
clutch shaft 29 free from the transmission housing 9. At 
this time, the piston 94 does not come to abut against 
the reannost friction disc 93 so that the friction discs 92 
and 93 are still separated from one another, whereby 
the PTO clutch shaft 29 is also free together with the 
rear PTO shaft 1 5 (and the mid PTO shaft 1 20) from the 
PTO transmission front shaft 13a. Accordingly, either 
the rear or mid PTO shaft 1 5 or 1 20 can be easily rotated 
for facilitating its connection to an input shaft of a con'e- 
sponding working machine through a joint or so on. 
[0177] Further, when the PTO clutch lever 77 Is shift- 
ed to the PTO clutch on position, the arm 1 01 is further 
rotated so as to push the piston further fonward through 
the contact member 100 and the retainer 99 so as to 
press the friction discs 92 and 93 against one another 
so as to let the boss 90 rotatable together with the clutch 
casing 91, thereby transmitting power from the PTO 
transmission front shaft 1 3a to the PTO clutch shaft 29. 
[0178] The foregoing description is a preferred em- 
bodiment of the present invention, and it is understood 
that the present disclosure of the preferred fomi has 
been changed in the details of construction and the com- 
bination and arrangement of parts may be resorted to 
without departing from the spirit and the scope of the 
invention as hereinafter claimed. 

Industrial Applicabllllty of the Invention 

[0179] As mentioned above, a power transmission 
device for a vehicle according to the present invention, 
having a common clutch housing and a common trans- 
mission housing, can be constructed corresponding to 
various modes by such a manner that a center unit as 
an assembly of a center plate to some kinds of trans- 
mission units is selected from various types thereof, or 
a transmission unit or transmission units are selected 
from various types thereof, and the selected center unit 
or the selected transmission unit (or units) are arranged 
in the common clutch housing and the common trans- 
mission housing. Accordingly, a corresponding power 
transmission device sharing the common clutch housing 
and the common transmission housing can be provided 
for either a lawn mower tractor having a mid-mount 



mower or an ordinary agricultural tractor having an at- 
tachment such as a cultivator on the rear portion thereof, 
for example. Further, due to whetherthe main transmis- 
sion mechanism is a mechanical type or a hydraulic 
5 type, or due to whether the PTO clutch is used In com- 
mon with the traveling clutch or separated from it, a cor- 
responding power transmission device can be designed 
with the common clutch housing and the common trans- 
mission housing. Accordingly, the present Invention fa- 
10 cilitates unification of parts and units and production 
lines so as to reduce expenses for producing vehicles. 
[0180] Further, lower expansion of the power trans- 
mission device is held so as to ensure a vehicle having 
a high ground clearance. I.e., to ensure a vehicle well- 
is guarded from obstacles on the ground. 



Claims 

20 1. A powertransmlsslon device for a vehicle, compris- 
ing: 

an engine (5); 

a common clutch housing (7) and a common 

2s transmission housing (9) successively fomned 

lengthwise from the engine; 
an engine output portion (20) provided in the 
clutch housing (7); and 

a differential mechanism (64) for drive axles 
30 provided in the transmission housing (9), 

characterized by 

a center unit (C1 , C2 or C3) serving as an as- 
35 sembly of a center plate (1 2, 1 2' or 1 2") to which 

at least one transmission unit (U) selected from 
various types thereof is attached, 

wherein the center plate (1 2, 1 2' or 1 2") of the center 
40 unit (01 , C2 or C3) Is disposed between the com- 
mon clutch housing (7) and the common transmis- 
sion housing (9) so as to arrange the transmission 
unit or units (U) of the center unit (CI , C2 or 03) in 
the clutch housing (7) or the transmission housing 

45 (9). 

2. A power transmission device for a vehicle as set 
forth In claim 1 , wherein a transmission unit (35, 35' 
or 130) constituting a mechanical or hydraulic main 

so speed change mechanism and a transmission unit 
(30 or 30") constituting an auxiliary speed change 
mechanism serve as the transmission units (U) as- 
sembled in the center unit (01 , C2 or 03), and are 
interposed between the engine output portion (20) 

55 in the clutch housing (7) and the differential mech- 
anism (64) for drive wheels in the transmission 
housing (9). 
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3. A power transmission device for a vehicle as set 
forth in ciaim 2, wherein, in the case of application 
of the center unit (C1 or C2) assembled with the 
transmission unit (35 or 35') constituting the me- 
chanical main speed change mechanism, the trans- s 
mission unit (35 or 35') constituting the mechanical 
main speed change mechanism and the transmis- 
sion unit (30 or 30') constituting the auxiliary speed 
change mechanism are disposed in the transmis- 
sion housing (9). io 

4. A power transmission device for a vehicle as set 
forth in claim 3, wherein, in the case of application 
of the center unit (C1 ) assembled with the transmis- 
sion unit (35) constituting the mechanical main is 
speed change mechanism, atransmlssion unit (50) 
constituting a reversing mechanism for switching 
the traveling direction of the vehicle between for- 
ward and rearward direction may be attached to the 
center plate (1 2) so as to be disposed in the clutch 20 
housing (7). 



9. A power transmission device for a vehicle as set 
forth in claim 2, wherein a PTO shaft (1 5) is provided 
in the transmission housing (9), and wherein a 
transmission unit (80 or 80') constituting a PTO 
speed change mechanism can be assembled in the 
center unit (C1,C2orC3). 

10. A power transmission device for a vehicle as set 
forth in claim 1 , wherein a mid PTO unit (1 1 1 ) having 
a mid PTO shaft (120) and an input shaft support 
(116a) is constructed as one of the transmission 
units (U) so as to be installed into the transmission 
housing (9), and wherein, at the time of installation 
thereof, the Input shaft support (116a) is inserted 
into the transmission housing (9) through an inser- 
tion hole (9d) opened in a side surface of the trans- 
mission housing (9) so as to drivingly connect the 
mid PTO unit (111) with atransmlssion mechanism 
in the transmission housing (9) while the mid PTO 
shaft (120) is disposed outside the transmission 
housing (9). 



5. A power transmission device for a vehicle as set 

forth in claim 3, wherein, in the case of application 
of the center unit (03) assembled with the transmis- 25 
sion unit (130) constituting the hydraulic main 
speed change mechanism, the transmission unit 
(1 30) constituting the hydraulic main speed change 
mechanism is disposed in the clutch housing (7). 

30 

6. A power transmission device for a vehicle as set 
forth in claim 5, wherein the transmission unit (130) 
constituting the hydraulic main speed change 
mechanism disposed in the clutch housing (7) is 
comprised of a hydraulic pump and a hydraulic mo- 35 
tor, which are disposed up and down and mutually 
fluldly connected, and wherein both an axis of a 
pump shaft (1 35) of the hydraulic pump and an axis 

of a motor shaft (1 36) of the hydraulic motor are hor- 
izontally disposed, and a line connecting the axes 40 
is inclined from a vertical line (V) in axial directional 
view. 

7. A power transmission device for a vehicle as set 
forth in claim 6, wherein a linkage (129) is extended ^ 

from a control shaft (133) for changing a capacity 
of the hydraulic pump or the hydraulic motor in the 
transmission unit (130) constituting the hydraulic 
main speed change mechanism, and provided in 
the clutch housing (7). so 



11. A power transmission device for a vehicle as set 

forth in claim 10, wherein a mid PTO clutch (121a 
or 122) are provided on the mid PTO shaft (120) 
which is disposed in a housing (1 1 6) of the mid PTO 
unit (111) provided outside the transmission hous- 
ing (9). 

12. A power transmission device for a vehicle as set 
forth in claim 10, wherein, in the transmission hous- 
ing (9), a PTO clutch unit (1 8), which includes a PTO 
clutch (78) and a PTO bral<e (79) arranged in series, 
can be provided on a common PTO transmission 
shaft (29) which branches into a mid PTO system 
and a main PTO system. 

13. A power transmission device for a vehicle as set 
forth in claim 1 , wherein, in the transmission hous- 
ing (9), a 1^0 clutch unit (1 8), which includes a PTO 

clutch (78) and a PTO brake (79) arranged in series, 
can be provided on a common PTO transmission 
shaft (29). 

14. A power transmission device for a vehicle as set 

forth in claim 13, wherein the PTO clutch (78) and 
the PTO brake (79) in the PTO clutch unit (IB) are 
of dry-type. 



8. A power transmission device for a vehicle as set 
forth in claim 2, wherein a transmission unit (75) 
constitutes a drive mechanism for transmitting pow- 
er to an axle drive mechanism provided outside the ss 
transmission housing (9), and assembled in the 
center unit (C1 , 02 or 03). 



19 



EP 1 334 861 A1 




20 



EP 1 334 861 A1 



Fi9.2 . 



u 



7 12(12:12") 9 ^ 

l—LlKl 






raoiorfwi 



IMIorQlT] 



Fig.3 





Combination of Transmission Units (U) 


Main speed change mechanism 


35+50 (CI) 


35' (C2) 


30 (C3) 


PTO transmission system 


80+110 


80'+110 


27 



21 



EP 1 334 861 A1 



Fi9.A 



5 


CI 

7 . ,n 9 

t^lb 73 lie 




-21 
50 






35 


> 

80 
1 30 


Tin 

w 






I. 71 1 72 1 



(b) 



(c) 



(d) 



n 



-21 



^C2 



7 12' ^ 



73 



8 



35' 



80* 



110 , 
-7^ 



C3 

h JzS. ^ r-73 



130 



80 



110 8 



I 71 I 72 1 



5 



OA 

i3JL 



130 



22 



73 



127 8 



18 



30 



r 71 I 72 I 



J 



22 



EP 1 334 861 A1 




23 



EP 1 334 861 A1 




24 



EP 1 334 861 A1 




25 



EP 1 334 861 A1 




26 



EP 1 334 861 A1 




27 



EP 1 334 861 A1 




28 



EP1 334 861 A1 




EP 1 334 861 A1 




30 



EP 1 334 861 A1 




31 



EP1 334 861 A1 




32 



EP 1 334 861 A1 




33 



EP 1 334 861 A1 




34 



EP 1 334 861 A1 




35 



EP 1 334 861 A1 



FIG. 19 




36 



EP 1 334 861 A1 




37 



EP 1 334 861 A1 



Fig.2i 




38 



EP 1 334 861 A1 



Fig.22 




39 



EP 1 334 861 A1 




40 



EP 1 334 861 A1 



Fig.24 




41 



EP1 334 861 A1 



BSTERNATIONAL SEARCH REPORT 



Menialianal application No. 

PCT/JPOl/09172 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI' B60K 17/06, B60K 17/02, B60K 17/28, BeOK 17/10, F16H 57/02 303 

According to Intemational Patent Classification (IPC) w to both imtional classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (olassificatian system followed by classillcalion symbols) 

Int.Cl' B60K 17/00-B60K 17/36, F16H 57/00-F16H 57/12 



Oocumeatatian searched other than minimiun documentation to extetit that such documeots are included in the fields searched 
Jitsuyo Shinan Koto 1926-1996 TaccAu Jitsuyo Shlnan KOho 1994-2001 

Kc>kai Jitsuyo Shinan Kbho 1971-2001 Jitsuyo Shinan Toroku Kbho 1996-2001 



Electaonic data base conEiilted during tbe iotenutioiial seaich (mine of data base and. whenpiacdeable, seareh tenns used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Cateeoiy* 



CitatiOD of document, with indication, where appropriate^ of the relevant passages 



Relevant to claim No. 



JP 8-4884 A (Kubota Corporation), 
12 January, 1996 (12.01.96), 
Pig. 3 

(Family: none) 



EP 787615 A2 (Kanzaki Kokyukoki Mfg. 
02 Septeniber, 1997 (02.09.97), 
Fig. 2 

Sc JP 9-226409 A 
Fig. 2 

& US 5913950 A 



1-3,5 
.4,6-14 



Co., Ltd.), 



8-15 



I 1 Further documents are listed in the contimiation of Box C Q See pataot family annex. 



* Special catteries »f cited docuoentK T* 
"A* .document defining the genend stale oFthe art whicfaii not 

codsiilaed ta be of particalar relevance 
*£" eutierdacttinentbttt|MbUthedonocaBeifiieintenuliraialfilisg "XT 

dale 

"L" document which may throw donbts on pnority cl3tni(s)cr which is 

C)t?dtoestablishthepublicationdateofBootfaercilationorother "Y* 
special reason (as speciHed) 

"CT document referring to an oral discIosaiB, use, exhibition orodler 

means 

document published prior to the inlenulionalfilnig date but liter 'A!* 

than the priority data claimed 



later document published after (tie mtenudonal filing date or 
pdority dale md not in ccoflict with the applieilion but eited ts 
understand the piinoiple or flieoiy uodeilyiDg the nvention 
doGuomt of particular rdevance; the cloned InVHitiDii cannot be 
considered novel or caonol be considered to mvolve an mventiVB 
st^ when the document is talceo iboe 
dccunKRi of particular rdevance; tha cbimed invention caimot be 
considered to involve an toventive step when the document is 
combined with one or more other such documents, such 
conMaalioB bebg obvlaus to a peison skilled in the art 
doeuneni member of die same patent Snily 



Date of the actual completion of the intemational search 
01 Koveniber, 2001 (Ol.ll.oi) 



Date of mailing of die intemational search report 
13 Noveniber, 2001 (13.11.01) 



Name and mailing address of the ISA/ 
Japemese Patent Office 

Facsimile No. 



Autfaoiized officer 
TdepbomVo. 



FonnPCT/ISA/210 (second sheet) (July 1992) 



42 



